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Review of the Palaearctic Genus Paranchodemus Habu 
(Coleoptera: Carabidae: Platynini) 

James K. Liebherr 

Department of Entomology, Comstock Hall, Cornell University, Ithaca, New 
York 14853-0999. 


Abstract.— The genus Paranchodemus Habu, new status, is diagnosed and de¬ 
scribed. It comprises the type species, Anchomenus calleides Bates of Japan, and 
P. davidis, n. sp. from Szechwan Province, China. The two species are diagnosed, 
and the new species is described. A lectotype is designated for P. calleides, n. 
comb. Based on shared-derived characters of the tarsi and the female reproductive 
tract, Paranchodemus is phylogenetically similar to the North American genera 
Rhadine LeConte and Tany stoma Motschulsky. The characters forming the basis 
for this decision are illustrated, and discussed in relation to character-state dis¬ 
tributions across the tribe Platynini. 


In 1978, Habu monographed the Japanese Platynini, proposing placement of 
Anchomenus cyaneus Dejean of Europe and the Japanese Anchomenus calleides 
Bates in the genus Anchodemus Motschulsky. Because of differences in various 
characters, A. calleides was recognized as the type species of a new subgenus within 
Anchodemus—Paranchodemus Habu (1978:7). 

In the course of revising the closely related platynine genera Anchomenus Bo- 
nelli, Sericoda Kirby, Elliptoleus Bates, and Chlaeniomimus Semenov, I have 
discovered synapomorphies of the female reproductive tract that necessitate place¬ 
ment of A. cyaneus in Anchomenus, which is based on Carabus dorsalis Pontop- 
pidan. Thus, Anchodemus should be considered a junior synonym of Anchomenus. 
A. calleides is recognized as type species of the distinct genus Paranchodemus, 
new status. The mainland Asian Paranchodemus davidis, n. sp. is recognized as 
a second species of Paranchodemus. Below, I present a diagnosis and description 
of Paranchodemus, and a description of the new species. The generic diagnosis 
is based on several characters judged to be synapomorphous for the genus, as well 
as synapomorphies of greater generality that allow placement of Paranchodemus 
in the Rhadine-Tanystoma lineage (Liebherr, 1986:19) of the carabid tribe Pla¬ 
tynini, subtribe Platyni. This placement is based largely on characters of the tarsi, 
which are illustrated and discussed in the context of platynine carabid character 
evolution. 


Materials and Methods 

Taxonomic material for this study was obtained through the courtesy of Nigel 
E. Stork, British Museum (Natural History), London (BMNH) and Helene Perrin, 
Museum National d’Histoire Naturelle, Paris (MNHP). 

Dissection methodology follows Liebherr (1986, 1987). Scanning electron mi- 
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crographs were made on an Amray 1000A scanning electron microscope using 
gold-palladium coated specimens. The terminology for female ovipositor setation 
is drawn from Ball and Hilchie (1983). 

Paranchodemus Habu, New Status 

Anchodemus (.Paranchodemus ) Habu, 1978, Fauna Japonica, Carabidae: Platyn- 

ini, p. 7. 

Type species. —Anchomenus calleides Bates. 

Diagnosis.— Pronotum lacking setae at hind angles (Figs. 1, 2); mentum with 
bidentate median tooth (Figs. 3,4); fourth metatarsomere without dorsal subapical 
setae, only ventral setae and apical setae (Figs. 7, 8, 28); seventh elytral stria with 
2-4 setae near apex (Figs. 9, 10); abdominal stemites III-V with 2-4 setae each 
side (Figs. 11, 12); female apical gonocoxite with 9 furrow pegs in apical pit-like 
depression (Figs. 21, 22, 25, 26) and lacking dorsal ensiform seta (Figs. 21, 25); 
apical nematiform setae very short and stout (Figs. 21, 25); body dorsum with 
metallic blue reflection. 

Description. —Head: Eyes convex, with dorsal surface convex relative to deep 
supraorbital groove; 2 supraorbital setae; frontal grooves broad, shallow, not 
reaching anterior supraorbital setae; labrum with concave anterior margin and 6 
apical setae, the median 4 approximate (Figs. 5,6); mentum with bidentate median 
tooth (Figs. 3, 4), with well-developed lateral pit-like depressions; antennal scape 
robust, third antennomere elongate, subequal in length to scape plus pedicel; 
microsculpture well developed, vertex either with rugose wrinkles ( P . calleides ) 
or rugose punctulae ( P. davidis). 

Prothorax: Pronotum cordate, lateral margins broadly arcuate anteriorly and 
sinuate in posterior third, hind angles glabrous (Figs. 1, 2); lateral margin narrow 
throughout, lateral depression crenulate to punctate; laterobasal depressions heavily 
rugose, the surface both wrinkled and punctate; basal marginal bead absent except 
near hind angles; median longitudinal depression deep, joined by transverse wrin¬ 
kles at least basally; anterior transverse impressions shallow; anterior marginal 
bead absent, anterior angles slightly projecting; prostemal projection broadly 
rounded to slightly acuminate apically in ventral view, not carinate. 

Elytra: Basal groove broadly rounded on humeri, lateral marginal depression 
narrow throughout; subapical sinuation well developed; sutural apex evenly 
rounded ( P. calleides, Fig. 9) to obtuse-rounded (P. davidis, Fig. 10); elytral in¬ 
tervals broadly rounded, moderately convex; striae deep, well developed; scutellar 
seta present at base of sutural stria; 3 or 4 dorsal setae associated with third 
interval, the anterior seta in third stria, the more posterior setae in second stria; 
2-4 setae in apical portion of seventh stria (Figs. 9, 10); a single seta near apex 
of sutural (or first) interval; 17-27 setae set laterad eighth stria from humerus to 
subapical sinuation; internal elytral plica obsolete; elytral intervals with strong 
isodiametric microsculpture. 

Pterothorax: Metepisternum elongate; flight wings fully developed, venation 
complete. 

Legs: Femora elongate, slender; mesocoxae with single seta on ventrolateral 
ridge, mesofemora with 2 setae on anteroventral margin, occasionally the inner 
seta doubled; metacoxae bisetose, one seta near anterior margin at base of lateral 
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Figures 1-10. 1, 3, 5, 7, 9. Paranchodemus calleides. 2, 4, 6, 8, 10. Paranchodemus davidis, n. sp. 

1, 2. Pronotum, dorsal view. 3, 4. Mentum, ventral view. 5, 6. Labrum, dorsal view. 7, 8. Fourth and 
fifth left metatarsomere, outer view. 9, 10. Apex of left elytron. 


expansion, the other ventrad coxal-trochanteral articulation; protarsi with fourth 
tarsomere emarginate apically with two subequal lobes, lobes about 0.50 x as long 
as basal portion in females, 0.70-0.85 x as long as basal portion in males; well- 
developed dorsolateral sulci on basal 3 tarsomeres of meso- and metatarsi (Fig. 

27) , the inner sulcus somewhat weaker; the fourth meso- and metatarsomere 
emarginate apically, bearing apical setae but lacking subapical setae (Figs. 7, 8, 

28) ; tarsal claws slender, arcuate; apical tarsomere appearing glabrous ventrally, 
the ventral setae extremely short (visible at 125 x). 

Male genitalia: Parameres glabrous, right or ventral paramere smaller to much 
smaller than left paramere (Figs. 16, 18); parameres basally melanistic; median 
shaft of aedeagus melanistic, wrinkled basally (Figs. 15, 17); aedeagal internal sac 
with very fine spicules; sac as long as apical straight portion of median lobe. 
Female reproductive tract: Spermatheca broadly joined to common oviduct at 
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Figures 11-14. 11, 13. Paranchodemus calleides. 12, 14. Paranchodemus davidis, n. sp. 11, 12. 

Female abdominal stemites III-VI, ventral view. 13, 14. Female reproductive tract, ventral view, sg 
= Spermathecal gland; sp = spermatheca; gc = basal gonocoxite. 


bursa copulatrix (Figs. 13, 14); spermathecal gland duct entering directly into 
reservoir; basal gonocoxite with apical fringe of 15-23 setae (Figs. 13, 14, 19, 23); 
apical gonocoxite bearing 3-7 lateral ensiform setae, lacking a dorsal ensiform 
seta; apical pit-like depression of apical gonocoxite containing 2 nematiform setae, 
and 9 furrow pegs (Figs. 22, 26). 

Color: Dorsum of head, pronotum, and elytra piceous with metallic blue re¬ 
flection; ventral body surface, antennae, palps, and legs piceous to brunneous. 

Length: 10.8-13.3 mm. 

Paranchodemus calleides (Bates), New Combination 
Anchomenus calleides Bates, 1883, Trans. Entomol. Soc. London, p. 256. 

Diagnostic combination. — Dorsal body surface piceous with metallic blue-green 
reflection; mentum with shallow uniformly sloped mentum pits (Fig. 3); pronotal 
disc with strong transverse wrinkles throughout (Fig. 1); elytral striae on disc with 
distinct punctulae; seventh stria with 3-5 (usually 4) setae near apex in addition 
to single seta near apex of second stria (Fig. 9); visible abdominal stemites III— 
V with 2, rarely 3, closely set setae each side (Fig. 11); abdominal stemite VI with 
one seta each side in male, two setae each side in female. 

Male genitalia: Parameres basally melanistic, the smaller ventral or right par- 
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Figures 15-18. 15, 16. Paranchodemus calleides. 17, 18. Paranchodemus davidis, n. sp. 15, 17. 

Median lobe of aedeagus with internal sac everted, dextroventral view. 16, 18. Aedeagal median lobe 
with internal sac everted and parameres, anterior view, % scale of 15 and 17. gp = Gonopore. 

amere rounded apically (Fig. 16); shaft of aedeagal median lobe evenly curved, 
apex rounded-acuminate (Fig. 15); aedeagal internal sac covered with very weakly 
developed spicules. 

Female reproductive tract: Spermatheca apically expanded, globose (Fig. 13); 
basal gonocoxite with apical fringe of 17-23 setae on ventral surface (Figs. 13, 
19, 20); apical gonocoxite with 2 long acuminate setae basally on lateral margin 
(Figs. 13, 19, 20) and 5-7 shorter blunt setae apically and more dorsally on lateral 
margin (Fig. 21). 

Length: 10.8-11.7 mm. 

Lectotype. —9 (BMNH); [card mounted]; Morioka; Japan, G. Lewis, 1910 - 320; 
Syn-type [blue bordered label]; Lectotype, Anchomenus calleides Bates, J. K. 
Liebherr, 1988. 

Distribution. — Bates (1883) described P. calleides from a type series comprised 
of specimens from Morioka and Midzusawa, Japan. Habu (1978) reports it to be 
generally distributed on the island of Honshu. 

Notes. — Habu (1978:7-9) provides a complete synonymy and detailed descrip¬ 
tion of this species. He incorrectly describes the apical gonocoxite as laterally 
bisetose, apparently missing the more apical lateral ensiform setae found dorsad 
the lateral margin (Figs. 20, 21). 

Habitat.— Reported from “under stones in the Kitakamigawa (Bates, 1883).” 
Habu (1978) states that it lives on river beds. 

Paranchodemus davidis f New Species 

Diagnostic combination. — Body dorsum brilliant metallic blue to blue-green; 
lateral depressions of mentum with deep narrowly rounded pit (Fig. 4); strong 
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Figures 19-22. Paranchodemus calleides, 9. 19. Left gonocoxa, ventral view, 239 x. 20. Left gon- 
ocoxa, outer lateral view, 272 x. 21. Right gonocoxa, dorsal view, 312 x. 22. Apical pit-like depression 
with 2 nematiform setae and 9 furrow pegs, 2047 x. 
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transverse wrinkles intersecting median longitudinal depression of pronotum, but 
discal areas more laterad with at most weak transverse wrinkles (Fig. 2); elytral 
striae slightly wavering, but lacking distinct regular punctulae; seventh stria with 
2-3 setae near apex, lacking seta near apex of second stria (Fig. 10); visible 
abdominal stemites III-V with 2-4 setae in a row near posterior margin each 
side; abdominal stemite VI with 1-2 setae each side in male, 2-6 setae each side 
in female (Fig. 12). 

Description. —Head: Eyes convex, margined mesad by well-defined supraorbital 
depression, supraorbital setae separated from supraorbital depression by 1.5 x the 
distance of depression from margin of eye; frontal depressions broad, somewhat 
irregular, continuous to setae at anterior angles of clypeus; apical margin of clypeus 
strongly concave (Fig. 6); clypeus and mandibles brunneous, maxillae and palps 
redder; mentum with deep pit in deepest portion of lateral depression (Fig. 4); 
diameter of antennal scape 1.33 x the diameter of pedicel apex; third antennomere 
1.30-1.45 x length of scape and l.lOx length fourth antennomere; basal 5 an- 
tennomeres piceous, apical 6 segments rufopiceous; neck constricted, depressed 
on dorsum, the depression densely punctate; microsculpture on vertex weak, an 
isodiametric to slightly stretched isodiametric mesh; vertex of head with green to 
blue reflection, punctate area of neck with blue to purple reflection. 

Prothorax: Pronotum narrow, greatest width 1.10 x width across eyes; lateral 
depression narrow in apical half; single lateral seta situated % length anterad hind 
angle; hind angles sharply obtuse, distinctly margined; laterobasal depression with 
dense rugose wrinkles; mediobasal elevated region rugosely wrinkled; median 
longitudinal depression deep, finely engraved, broader and more irregular basally; 
strong transverse wrinkles intersecting base of longitudinal depression, transverse 
wrinkles weaker forward near anterior transverse depressions and on elevated 
portions of disc; anterior transverse depressions strongly bordered anteriorly, 
traversed by longitudinal wrinkles toward apex near front angles; front angles 
rounded, slightly projecting; proepistemum punctate ventrally; prostemal projec¬ 
tion broadly rounded apically; discal pronotal microsculpture a transverse mesh; 
disc of pronotum with metallic green to blue reflection, anterior and posterior 
margins and sternum piceous to rufopiceous. 

Elytra: Humeri broadly rounded; elytra widest just behind middle; basal margin 
weakly recurved, slightly irregular near bases of striae; scutellar striole long, about 
% length distance of anterior dorsal elytral seta from base of third stria; lateral 
margin of elytra narrow, subapical sinuation evident (Fig. 10); elytral striae com¬ 
plete, well impressed, slightly wavering but smooth, not punctate; elytral intervals 
only slightly convex, outer intervals flat medially; 3 (or less commonly 4) dorsal 
elytral setae, anterior seta in third stria, posterior setae in second stria; apex of 
seventh stria with 2-3 setae, single seta near apex of sutural interval (Fig. 10); 
16-21 setae laterad eighth elytral interval before subapical sinuation; elytral mi¬ 
crosculpture a strong isodiametric mesh; elytral margins and sutural intervals with 
strong green to blue metallic reflection, elytral epipleura brunneous. 

Legs: Mesofemora with 3 setae along anteroventral margin, 4 if the inner seta 
is doubled (3 specimens of 7); metafemora bisetose anteroventrally; protarsi of 
female with bisulcate first tarsomere; second tarsomere with weak dorsolateral 
sulci, median area longitudinally strigose; third tarsomere triangular, with weak 
median carina, slightly emarginate apically; fourth tarsomere emarginate apically, 
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lobate; protarsi of male with basal tarsomeres 1.6 x as wide apically as in female, 
more apical tarsomeres only slightly wider; basal 3 tarsomeres strigose dorsally, 
with weak median carina; fourth tarsomere strongly emarginate apically, lobes 

O. 70-0.85 x as long as basal portion of tarsomere; basal 3 tarsomeres of meso- 
and metalegs with 2 well-developed dorsolateral sulci (Fig. 27); fourth metatar- 
somere with broader and slightly longer outer lobe, and a narrower inner lobe 
bearing an apical seta (Fig. 28). 

Male genitalia: Parameres melanistic; right or ventral paramere very small 
relative to spatulate left paramere (Fig. 18); aedeagal median lobe recurved near 
apex, short and upturned (Fig. 17); surface of median lobe inside curve melanistic, 
wrinkled; internal sac globose, with stronger spicules near apex, gonopore opening 
on left side (Fig. 18). 

Female reproductive tract: Spermatheca broad and hook-shaped, with acumi¬ 
nate apex (Fig. 14); basal gonocoxite with apical fringe of 15-20 setae on ventral 
surface (Figs. 14, 23); apical gonocoxite with 3-6 ensiform lateral setae set in 
groove along lateral margin (Figs. 14, 24); dorsal ensiform seta lacking (Fig. 25); 
apical depression with 9 furrow pegs (Fig. 26); apical nematiform setae short and 
stout (Figs. 25, 26). 

Length: 11.7-13.3 mm. 

Holotype.—S; Mou-pin [Mu-Ping, Szechwan, China, 30°30'N, 102°40'E, 1825 
m elev.], A. David 1870, Museum Paris (NMHP). 

Allotype.— 2; same locality and deposition. 

Paratypes. — Mou-pin, A. David, 1870, Museum Paris (2 6, 1 2, MNHP); Thibet, 
Chasseurs de Ta-tsien-lou [Kangting, Szechwan, China, 30°10'N, 102°5'E, 2600 
m elev.], 1895 (1 <3, 1 2 , MNHP). 

Notes. — The type series was found in the main collection of the Paris museum 
and bears a hand-written determination of “Anchomenus davidis .” This combi¬ 
nation has never been published, and I have exhaustively searched the literature 
and have found no description of a Chinese platynine carabid that fits this species. 

P. davidis appears superficially similar to the European Anchomenus cyaneus 
Dejean, but setational, tarsal, and reproductive tract characters indicate its true 
affinities. 

Habitat. — The valleys around Mu-Ping and Kangting are extremely deep with 
steep walls and high-gradient rivers at the bottoms. Based on the habits of P. 
calleides in Japan, P. davidis is likely to be found along rivers on bare sandy or 
muddy shoreline habitats, where it would hide under stones by day. 

Phylogenetic Affinities of Paranchodemus 

Placement of Paranchodemus within the tribe Platynini subtribe Platyni can 
be accomplished using synapomorphies of the female reproductive tract and tarsal 
configuration. The broad duct of the spermatheca observed in Paranchodemus 
(Figs. 13, 14) is one basis for recognition of the Rhadine-Tanystoma lineage, 
which includes the North American genera Rhadine LeConte, Tanystoma Mot- 
schulsky, Atranus LeConte, and Anchus LeConte (Liebherr, 1986). The entry of 
the spermathecal duct into the spermathecal reservoir is shared by Paranchodemus 
and Anchus. Based on spermathecal configuration, Paranchodemus is not closely 
allied to Anchomenus. Anchomenus, Sericoda, and Elliptoleus possess a sper- 
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Figures 23-26. Paranchodemus davidis, n. sp., $. 23. Right gonocoxa, ventral view, 239 x. 24. 
Right gonocoxa, outer lateral view, 202 x. 25. Left gonocoxa, dorsal view, 232 x. 26. Apical pit-like 
depression with 2 nematiform setae and 9 furrow pegs, 1827 x. 
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Figures 27-33. 27, 28. Paranchodemus davidis, n. sp. 27. Left basal metatarsomere, dorsal view, 
52 x. 28. Left fourth metatarsomere, dorsal view, 72 x. 29. Tanystoma maculicolle, left fourth metatar¬ 
somere, dorsal view, 73 x. 30. Rhadine caudata, left fourth metatarsomere, dorsal view, 61 x. 31-33. 
Apical pit-like depression of female gonocoxite. 31. Tanystoma striata, 1662 x. 32. Tanystoma mac¬ 
ulicolle, 2532 x. 33. Rhadine caudata, 1194x. 


matheca with a long apical filament that is at least several times longer than the 
basal reservoir. 

The fourth metatarsomere of Paranchodemus species lacks subapical setae (Fig. 
28), a character documented across the Platynini by Habu (1978). Subapical setae 
are situated on the dorsoapical margin of the fourth metatarsomere, and are nearly 
as long as the apical setae found at the ends of the tarsal lobes. Subapical setae 
occur in many other Platynini (e.g., species of Calathus, Olisthopus, Anchomenus, 
most Agonum, and some Platynus). Paranchodemus shares the derived absence 
of subapical setae with Tanystoma (Fig. 29), which possesses only short irregularly 
spaced setae on the dorsum of all tarsomeres, and Rhadine (Fig. 30). Anchus and 
Atranus species possess subapical setae. This suggests a closer relationship of 
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Paranchodemus to Rhadine and Tanystoma than to the other taxa of the Rhadine- 
Tanystoma lineage (Liebherr, 1986). 

The subtribe Platyni is characterized, among various characters, by gonocoxae 
with an apical pit-like depression, in which two long thin nematiform setae and 
a variable number of furrow pegs can be found. The number of furrow pegs has 
been surveyed in a variety of taxa of the Platynini, and only in the two Paran¬ 
chodemus species, and in Tanystoma striata Dejean and T. maculicolle Dejean 
have as many as nine furrow pegs been observed (Figs. 22, 26, 31, 32). Rhadine 
caudata LeConte possesses only two furrow pegs (Fig. 33), the lowest number 
observed. Other Tanystoma species and most other platynine taxa exhibit three 
to six furrow pegs. The shared possession of the larger number of furrow pegs by 
Paranchodemus and some Tanystoma may indicate phylogenetic affinity. By this 
interpretation, furrow peg number conflicts with the sister-group relationship for 
Rhadine and Tanystoma proposed by Liebherr (1985). A comprehensive cladistic 
analysis including all known taxa sharing the above derived characters will be 
necessary in order to determine the relationships among these groups. 
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Pseudomethoca ilione (Fox), A New Synonym of P. gila (Blake) 

(Hymenoptera: Mutillidae ) 1 

Donald G. Manley and John L. Neff 

(DGM) Department of Entomology, Clemson University Pee Dee Res. & Educ. 
Center, Rt. 1, Box 531, Florence, South Carolina 29501; (JLN) Central Texas 
Melittological Institute, 7307 Running Rope, Austin, Texas 78731. 


Abstract.—Pseudomethoca gila (Blake) (Hymenoptera: Mutillidae) has been 
known only from the male sex. Pseudomethoca ilione (Fox) has been known only 
from the female sex. Observations over a 6-yr period have provided sufficient 
evidence (including mating pair) that the two are the same species. The name P. 
gila has precedence over P. ilione. A complete synonymy is included. 


Pseudomethoca gila was first described as Mutilla ( Sphaeropthalma ) gila by 
Blake (1871). It has been known only from the male sex. Pseudomethoca ilione 
was first described as Mutilla ilione by Fox (1899). It has been known only from 
the female sex. Mickel (1924) suggested that P. nephele (Fox) might be the female 
of P. gila. He offered no evidence for his suggestion. 

Observations 

Field data on the association of P. ilione and P. gila were obtained over a 6-yr 
period (1982-1987) during a study of the biology of the small panurgine bee, 
Pseudopanurgus rugosus (Robertson). A full report of the biology of P. rugosus 
will be published elsewhere. P. rugosus is a solitary species in the sense that there 
is only one female per nest, although the bees commonly form dense, persistent 
nest aggregations. The nesting aggregation of interest for this report is located in 
a 2 by 3-m plot on the edge of a path at the Brackenridge Field Laboratory (BFL) 
of the University of Texas at Austin, Texas. This aggregation has been active for 
at least 9 yr although intensive observations did not begin until 1982. P. rugosus 
is the only bee nesting in this plot but nests of Halictus ligatus Say, several species 
of Melissodes and several sphecids have been observed nearby. Maximum density 
of active bee nests in the plot has varied from fewer than 30 to more than 200 
nests over the 6-yr period. P. rugosus is univoltine with nesting activity at BFL 
normally occurring from the first or second week of May to the third or fourth 
week of June. During the 6 yr of observations, 3-4 males of P. gila and 2-3 females 
of P. ilione were regularly present at the nest aggregation during the first two- 
thirds of the bee nesting season. A maximum of 14 male mutillids (but no females) 
was observed in a 1.5-m area on 3 June 1986. While numerous species of mutillids 


1 Technical Contribution No. 2810 of the South Carolina Agricultural Experiment Station, Clemson 
University. 
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have been collected at BFL, P. gila and P. ilione were the only Pseudomethoca 
observed at the nest aggregation. 

Female wasps were noted at the P. rugosus nest site only during the period of 
bee foraging (normally 0900 to 1430 hr CDT) but males were present up to an 
hour before bee activity. Female wasps wandered through the nest area in a 
seemingly random manner, occasionally probing nest entrances with their anten¬ 
nae. Actual entrance of open nests by female wasps was rarely observed. Nests 
of P. rugosus are normally closed with a loose soil plug except during foraging 
periods. Female mutillids were not observed attempting to enter plugged nests 
but this could have easily been overlooked given the density of nests, low numbers 
of female mutillids and the fact that most observations concentrated on the pro¬ 
visioning schedules of the bees. Male wasps also walked over the nest area or 
perched on grass stems but paid no attention to bee nests. No aggressive inter¬ 
actions of wasps and bees were observed. Matings, or mating attempts, of P. gila 
and P. ilione were occasionally observed but most females were ignored by males. 
One pair taken in copula involving a female which had just exited a P. rugosus 
nest proved to be a male of P. gila and a female P. ilione. Brothers (1972) has 
noted that previously mated females of Pseudomethoca f frigida (Smith) are not 
attractive to males of that species. Although the long term association of the bees 
and wasps strongly suggests that P. rugosus is a host of P. gila, no mutillids have 
yet been recovered from 100+ excavated nest cells ofP. rugosus. 

Based on these observations, it is our contention that P. gila (Blake) and P. 
ilione (Fox) are, in fact, male and female, respectively, of the same species. Since 
the name P. gila has precedence over P. ilione, that name should stand. A complete, 
updated synonymy for the species follows. 

Pseudomethoca gila (Blake) 

Mutilla ( Sphaeropthalma ) gila Blake, 1871:250. 8 
Sphaerophthalma (sic) gila Blake, 1886:245. 8 
Sphaerophthalma (sic) gila: Cresson, 1887:265. 6 
Mutilla gila : Dalla Torre, 1897:43. 8 
Mutilla gila: Fox, 1899:225. 8 
Pseudomethoca' ? (sic) gila: Andre, 1903:28. 8 
Pseudomethoca gila: Mickel, 1924:13. 8 
Mutilla ilione Fox, 1899:268. NEW SYNONYM. 2 
Ephuta ( Ephuta ) ilione: Andre, 1903:60. 

Photopsis ilione: Krombein, 1951:754. 

Pseudomethoca ilione: Mickel, 1965:2. 

Mutilla aprica Melander, 1903:322. NEW SYNONYM. $ 

Pseudomethoca aprica: Mickel, 1924:16. 
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Scientific Note 

Host Records for Tetratoma concolor LeConte 
and Hallomenus scapularis Melsheimer 
(Coleoptera: Tetratomidae and Melandryidae) 

Fungus feeding by Tetratomidae and Melandryidae has largely been reported 
only in general terms by reviewing authors. Specific hosts seem to have been 
published only by de Yiedma (1965, Eos, 41:483), Crowson (1963, Entomol. 
Mon. Mag., 99:82), Leschen(1988, Coleopts. Bull., 42:338), Paviour-Smith(1964, 
Entomol. Mon. Mag., 100:71, 118), and Weiss (1919, Psyche, 26:132). Here, I 
report Lentinus lepideus Fr. (Basidiomycetina: Tricholomataceae) as a host fungus 
for Tetratomidae and Melandryidae, and confirm fungal relationships for Tetra¬ 
toma concolor LeConte and Hallomenus scapularis Melsheimer. 

Lentinus lepideus is a relatively abundant lignicolous fungus on barkless, weath¬ 
ered conifer logs, especially Douglas fir ( Pseudotsuga menziesii (Mirb.) Franco) 
and grand fir ( Abies grandis (Dougl.) Forbes). In eastern Oregon, sporocarps have 
been seen as early as mid-June, but are in their greatest numbers by mid-July. 
Sporulation seems to occur shortly after opening of the cap and continues for 
several days to almost 2 weeks. Fresh sporocarps have a rubbery texture with a 
dry surface and are persistent through summer, becoming hard and desiccated by 
late August. Mycetophagous beetles do not arrive in numbers on the fungus until 
cap opening. 

Tetratoma concolor has been collected in abundance during July throughout 
eastern Oregon forests (Grant, Union, and Wallowa counties) on sporocarps of 
L. lepideus Fr. Large series of this beetle, up to 95 specimens per sporocarp, have 
been collected at: OREGON, Grant County, Beech Creek campground, elev. 1418 
m, 24 km NNE Mt. Vernon, 19.VII.1985; Wallowa County, elev. 1200 m, 17 
km W Troy, 22.VII.1985; and Union County, elev. 1500 m, 32 km NE Tollgate 
(Umatilla County), 22.VII.1985. Single, or few specimens have been found at a 
number of other sites. To date, larvae have not been found on the fungus, or 
otherwise discovered. 

This beetle is typically found between the lamellae or at the stipe base. Grazing 
on basidia was observed several times, with a single observation of notching on 
a lamella. The beetle is most abundant during the early growth and sporulation 
stages of the host, and gradually becomes scarce through summer as the sporocarps 
senesce and desiccate. 

Additionally, 3-6 specimens per sporocarp have been found on the mycorrhizal 
Boletus edulis (Bull. ex Fr.) Steinpilz (Basidiomycetina: Boletaceae) and on a 
Boletus sp. On these latter fungi the beetles were active on the hymenium surface 
and within the pores. 

Hallomenus scapularis has been found in July, August and early September on 
L. lepideus, usually in association with T. concolor (see above collection records). 
However, this species is much less abundant than the latter with only 1-7 spec¬ 
imens per sporocarp. One observation suggests that this species may have been 
feeding on basidia, but confirmation of this has not been possible. Most specimens 
have been found between lamellae, with relatively few at the stipe base. Relative 
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abundance seems to peak in late July and early August, only slightly later than 
that of T. concolor, but H. scapularis continues through the senescence stages of 
the fungus. 
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A Semi-natural, Manipular Observation Nest for 
Exoneura spp. and Other Allodapine Bees 
(Hymenoptera: Anthophoridae) 
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Abstract. — Details are given for construction and use of an observation nest for 
allodapine bees. The nest can be made for under U.S. $5.00 per unit using readily 
available materials and standard tools. Twenty-six colonies of Exoneura asimil- 
lima Rayment were introduced into such nests in Australia and survived for 
varying periods. The results of several months of experimentation demonstrate 
the utility of the design. All major types of behavior were observed through the 
transparent walls. Vigorous colonies progressed in development. Colony survival 
is positively correlated with the number of eggs inserted in the starter colony and 
positively, although insignificantly, correlated with the number of adult females 
and larvae inserted. Such colonies of E. asimillima should be initiated with preex¬ 
isting nests of at least three females and some brood, including eggs. 


Bees of the genus Exoneura are the dominant members of the tribe Ceratinini 
throughout the southern half of Australia and in Tasmania. Together with their 
allodapine allies (chiefly Allodape), they form a highly interesting group of species 
which display various levels of social organization in the nest. Reviews of allo¬ 
dapine and Exoneura biology appear elsewhere (allodapines: Michener, 1971, 
1974; Sakagami, 1960; Wilson, 1971; Exoneura: Michener, 1965,1971; Rayment, 
1951). Nonparasitic allodapine species excavate tubular nests in pithy twigs, stems, 
plant galls, or flower stalks. Such nests are relatively easy to locate, collect, and 
dissect. Females will accept substitute nests and/or nest materials and colonies 
can be kept and propagated under artificial conditions. 

Studies of the nesting biology of these bees are of great value in determining 
the origin and function of sociality in such species. Various types of nests have 
been used experimentally. Natural nests in native materials have been collected 
and displaced without disturbing the integrity of the nest itself (Sugden and Pyke, 
1988; Sugden, unpubl.). Nests have also been dissected, modified, and replaced 
in the field (Rayment, 1951; Sugden, unpubl.) and natural nesting materials have 
been successfully set out to trap Exoneura spp. (Schwarz, 1986; Sugden, 1988). 
A variety of artificial nest materials have been used in experiments involving 
colony monitoring. Glass or plastic tubes are sufficient for short term laboratory 


1 Present address: USDA-ARS, Honey Bee Research Laboratory, 509 W. 4th Street, Weslaco, Texas 
78596. 
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work (Maeta et al., 1985; Michener, 1972; Schwarz et al., 1987; Skaife, 1953a, 
1953b). Such artificial tubes allow complete visibility of behavior in the nest, but 
condensation may become a problem since there is no natural vapor absorbency. 
[Absorbent paper strips have been inserted in impermeable tubes (Skaife, 1953a).] 
Also, natural nest excavation is precluded. Preference for certain types of materials 
is exhibited by some species. A recent study compared the success of several types 
of nest materials, including natural stems and glass tube variations (Maeta et al., 
1985). There remains a need for a nest design which is artificial yet acceptable to 
allodapine bees for nest building, allows continuous observation of all nest activ¬ 
ities, permits vapor flow through the lumen walls, allows natural excavation, and 
is economical and practical to produce. I present here a design for such a nest 
and some preliminary results in its use with Exoneura asimillima Rayment. 


Materials and Methods 
Construction 

Materials. — Table 1 lists parts required to build one nest unit. 1) The foundation 
of the nest is provided by a balsa block; its dimensions are variable but the 
thickness must be enough to prevent warping if the ends are exposed to weather 
(i.e., in a window) and long enough to allow reasonable extension of the nest 
lumen through pith excavation. Available at model shops. 2) Hardwood strips, 
used in wooden models, provide retaining rails for the acrylic tubing pieces. 
Available at model shops. 3) Small diameter acrylic tubing is supplied in 2-m or 
6-fit lengths. In the U.S., inside diameters (I.D.) are available in Vi 6 -in. graduations 
down to Vs in. Available at plastics supply stores. In Australia, the smallest avail¬ 
able I.D. at this writing is 4 mm (Cut-To-Size Plastics, Sydney). This was the 
diameter used in the study discussed here. Milling the half-tube pieces requires 
loss of one longitudinal half of each piece (see below). 4) The pith cylinder can 
be obtained from small segments of natural nesting material or cut out of relatively 
soft balsa. Ideally, it should be slightly softer than the balsa stock. 5) Optional 
light-shielding covers can be made from cardboard and aluminum foil. A sanding 
rod is required to form the lumen groove (see below). A Vs-in. brass rod is ideal. 
Available at model shops for U.S. $0.40 (not included in Table 1). All materials 
are readily available in the U.S. and in Australia at this writing. 

Milling. — Cut the balsa stock to desired dimensions. Exoneura asimillima fe¬ 
males may excavate several millimeters per day and natural nests may reach 0.7 
m (Sugden, in prep.), so length of the balsa block must reflect possible final length 
of the nest lumen. A 1.0-mm-deep “V”-shaped groove is cut down the length of 
the block using a straight edge and a sharp knife. This acts as a guide for sanding 
the rounded channel. A layer of fine grit sandpaper is wrapped around a Vs-in. 
sanding rod and held tight while rubbing the assembly up and down the groove. 
A semi-circular cross section will result as the flat edges of the groove are rounded. 
The thickness of the sandpaper must be accounted for in arriving at the final 
lumen diameter. Attempts to cut a groove with power tools have met with little 
success because proper bits are not available. An improvisation made from the 
circular-ground end of a conventional router bit was tried, but tended to shred 
the balsa, leaving ragged lumen walls. A smooth-walled lumen is requisite, which 
also approximates the diameter of the naturally-excavated space of the bee species 
to be introduced to the unit. 
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Table 1. Parts required for one observation nest unit, dimensions, and costs in U.S. dollars. Price 
for metric diameter acrylic tubing converted from Australian to U.S. dollars, November 1987. (U.S. 
cost approx. $0.14/ft.) Notes addressed in text under Materials (M) or Assembly (A). 


Cost per Source, 

Part Dimensions (mm) Number/amount nest unit notes 


Balsa block 
Wooden strips 
Acrylic tubing 
120 grit sandpaper 
Pith cylinder plug 
Aluminum foil 
Cardboard 
Wood glue 

No. 4 brass wood screws 
Small rubber bands 

Total 


2.5 x 7.6 x 305 

1.6 x 1.6 x 305 

6 (O.D.) x 4 (I.D.) x 305 

4 (O.D.) x 100 
305 x 500 
850 x 300 


1 

$1.90 

M 

2 

0.32 

M 

2 

1.14 

M 

1 sheet 

0.37 

M 

1 

— 

M 

1 

0.05 

M 

1 

— 

M 

1 ml 

0.09 

A 

12 

0.73 

A 

3 

0.03 

$4.63 

A 


Acrylic tubing should match the rounded channel in the balsa wood in its inside 
diameter. Commercial longitudinal cutting of the tubing by the distributor was 
not available at the time of this writing due to the small diameter. However, with 
care, the necessary work can be done in a wood shop with standard tools. A jig 
is necessary to hold the pieces while being ripped and sanded. This is made by 
cutting a groove in a piece of hardwood about 10 x 3 x 30 cm. The groove 
should be one full outside diameter (O.D.) wide and Vi O.D. deep, a snug fit for 
the acrylic tubing. One end of the groove is blocked off by nailing an end piece 
to the wood. Cut the acrylic tubing into 15-20-cm lengths. Place one into the jig 
groove. The fine-toothed blade of a band saw can then rip the length of the tubing, 
using the face of the jig as a guide. The resulting jig-held piece should be slightly 
more than a half-diameter. The assembly is then inverted over a fixed belt sander 
to smooth the edges of the band saw cut. The acrylic tubing must fit tightly enough 
in the groove of the jig to remain in place as it is lowered onto the sander. The 
belt should only graze the face of the jig in smoothing the edges of the tubing. 

Removed from the jig, the half-diameter length of tubing can be cut sagittally 
into segments on the band saw. The ends are squared and smoothed on a disk 
sander, with burrs removed by hand with fine grit sandpaper. Optionally, small 
sleeves can be attached to the interior of the tubing ends to integrate the assembled 
tubing pieces and baffle the joints (Fig. If). They are made from small rectangles 
of thin acetate or acrylic film and set with a quick-dry adhesive such as Super 
Glue. 

Basal pith plugs can be cut as square-end blanks from natural nesting materials 
and rounded into cylinders with sandpaper. Also, soft pith can be pushed or bored 
out of stems (Maeta et al., 1985). Especially soft pieces of balsa may substitute. 

Assembly. — A complete nest unit is illustrated in Figure 1. Glue the wood strips 
with sparing amounts of white glue along either side of the half-lumen groove, 
leaving a 1-mm or Vi 6 -in. “shoulder” on which the acrylic half-diameter pieces 
will rest. Use a piece of cut tubing as a guide. The tubing should fit snugly between 
the glued strips but loosely enough to allow easy removal. Determine the lengths 
of the tubing pieces to be used and make leader holes along the side of the wood 
base for screws corresponding to the center of each piece of tubing. Place a droplet 
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Figure 1. Assembled nest unit, to scale (see Table 1). a. Orientation-facilitating pattern, b. Wooden 
strip retainer, c. Pre-lumen space or “runway.” d. Rubber band as tubing brace, e. Brass screw as 
rubber band cleat, f. Tubing section sleeve or baffle, g. Acrylic half-tube lumen piece, h. Pith plug. 


of glue in each leader hole before inserting screw. The glue will prevent the screws 
from working loose in the soft balsa while under tension. Leave 1-2 mm of screw 
shank above the surface level of the block as rubber band anchor points. 

Set the tubing lengths in place. Plan to have the entrance piece stationary, as 
the bees will make a permanent adhering collar of wood fragments a few milli¬ 
meters inside the lumen or flush with the entrance. It is useful, although not 
necessary, to have the end of this first piece set back from the face of the balsa 
block by a few millimeters. This allows the bees a “runway” and often it catches 
interesting debris ejected from the lumen by the bees. Insert the pith cylinder 
several centimeters into the basal piece of tubing. Allow enough covered length 
for rapid excavation by vigorous colonies. (See Results for excavation rates.) Extra 
plug length should be left to either push into the existing lumen or to extend the 
lumen over as the pith is chewed up. The tubing pieces should fit snugly together, 
leaving no gaps between them. Small cracks will be plugged by the bees. Stretch 
rubber bands between the screws to apply downward tension on the tubing. The 
entrance end of the wooden base can be patterned to assist free-flying bees in 
orienting to their nest. 


Introduction of Bees 

Adult bees can be inserted individually through the nest entrance or into the 
lumen by removing a segment of tubing. Use cotton wool to plug the lumen from 
escaping bees during and after introduction. Cotton swabs cut in half and fluffed 
to fit make convenient stoppers. Allow one or more days for the bees to adapt 
before removing the cotton wool. They may tear at it and pass little balls of fiber 
down the lumen in attempts to dig out. Position nest (if free flight desired). Remove 
plug. 
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Bees can be kept enclosed in the nest for weeks or months or they may be 
allowed to fly freely from a nest position at a window in the lab. Observe under 
low light conditions; keep the nest covered when not under observation and do 
not expose to sunlight. 

Enclosed bees can be fed honey or sugar solution from a pipette (Schwarz et 
al., 1987; Sugden, unpubl.) and larvae will consume honey bee-collected pollen 
moistened with dilute honey (Rayment, 1951; Sugden, unpubl.). 

Results 

The tests described here were carried out at Nadgee Reserve, southeastern 
coastal New South Wales. Natural nests of Exoneura asimillima used to stock 
the artificial nests were collected from sites 10 and 17 km distant from the Lab¬ 
oratory [described in Sugden and Pyke (1988)]. 

Four nest units were constructed and bees introduced from natural nests on 17 
October 1986. Between mid-October and 14 January 1987, 22 more colonies were 
initiated. New colonies were continuously selected to replace those which died 
before the end of observations. A total of 26 colonies of Exoneura asimillima 
were introduced into 12 nest units. Nests were kept in an unheated room and 
allowed free flight into the open environment or a flight cage (8-19 January 1987) 
through louvered windows. Populations were censused and colony attrition re¬ 
corded. Observations extended through 13 April 1987. 

Population and survival data are displayed in Table 2. Survival of a colony is 
defined as the number of days the nest is continuously occupied by at least one 
adult female. Among the 26 colonies used in the study, four received supplemental 
additions of immature bees and eight (including one of the latter) survived for 
less than 2 days for various reasons. These 11 colonies are not considered in the 
analysis below. Of the remaining, survival was positively correlated with number 
of eggs initially inserted into the nest (r = 0.5898; 0.05 > a < 0.01; n — 15), 
although the data are minimal. The number of adult females and larvae inserted 
were positively, but not significantly correlated with survival. Square root trans¬ 
formation of the data and re-analysis produced equivalent results. It is interesting 
to note that, from the entire sample, nests which were started with only one or 
two adult females did not survive beyond 17 days and 50% of these (n = 12) died 
out after the first day. Two of three colonies in which eggs were produced contained 
three adult females at nest initiation and survived beyond the mean number of 
days for nests lasting longer than 1 day. The colony producing three eggs had the 
second longest survival of any colony, however survival was undoubtedly influ¬ 
enced by the large number of adults which eclosed from inserted pupae. 

A number of photographs of bee activity were taken through the acrylic tubing. 
Detailed photographic monitoring was possible through the transparent wall. 
Image resolution is only slightly blurred; the tubing joints and rubber bands 
obscure some of the view of the nest. 

The full range of Exoneura nest behavior was observed in the nests, including 
exit and return of foragers, trophalaxis between adults, provisioning of brood, 
entrance guarding, excavation and pith collar construction, individual develop¬ 
ment from egg to pupal eclosion, and male transfer between nests. Some of these 
observations will be described in more detail elsewhere (Sugden, in prep.) 

Mean pith plug excavation rates ranged from 0.0 to 2.4 mm per day. In five 
cases, the basal pith plugs were of a harder consistency than the balsa and the 
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Table 2. Data from Exoneura asimillima colonies. Bee data represent numbers of individuals 
originally inserted into nests. Numbers in parentheses represent eggs produced by colonies while in 
confinement. Subscript 1: all data except nests supplemented with individual bees after initial estab¬ 
lishment; subscript 2: same data except cases where Survival = 1. 


Colony 

number 

Survival (days) 

Eggs 

Larvae 

Pupae 

Adult females 

Adult males 

1 

163 

6 

15 

0 

3 

0 

2 

1 

8 

2 

0 

1 

0 

4 

1 

2 

6 

0 

1 

0 

5 

1 

0 

9 

0 

1 

0 

8 

9 

1 

13 

1 

3 

0 

9 

113 

(3)2 

1 

24 

3 

0 

10 

92 

1 

1 

6 

4 

0 

11 

16 

1 

0 

0 

3 

0 

12 

6 

4 

2 

0 

2 

0 

13 

48 

0 

0 

1 

8 

5 

14 

90 

0 

0 

0 

5 

0 

15 

17 

0 

0 

0 

1 

0 

16 

8 

0 

1 

3 

1 

0 

17 

1 

0 

0 

3 

1 

0 

18 

6 

(1)0 

4 

5 

1 

0 

19 

76 

(1)2 

8 

1 

3 

0 

20 

1 

2 

0 

0 

1 

0 

21 

8 

0 

2 

8 

1 

0 

22 

74 

2 

4 

5 

9 

2 

23 

1 

6 

1 

0 

3 

0 

24 

3 

0 

0 

0 

2 

0 

25 

1 

4 

0 

0 

2 

6 

n x = 22 

Mearij = 33.45 

1.86 

3.14 

2.59 

2.68 

0.59 

n 2 = 15 

Mean 2 = 48.60 

1.27 

3.40 

3.60 

3.27 

0.47 


bees excavated downward into the balsa base. This made manipular access and 
observation impossible. Cracks in tubing joints were filled with pith particles by 
bees from vigorous colonies but not always by small colonies. The rubber bands 
deteriorated rapidly, requiring replacement after 1 or 2 mo. A custom made gable 
protruding out of the window protected the nest entrances from rain. The card¬ 
board and aluminum foil covers worked well in protecting the nests from light. 
Ants were not implicated in the demise of any sound nests, although the remains 
of bees in one dead colony were carried off by workers of Iridomyrmex sp. Iri- 
domyrmex glaber and other species of this genus are apparently major predators 
of Exoneura under natural conditions (Rayment, 1951; Sugden, in prep.). Skaife 
(1953a) mentions I. humilis as a nuisance with regard to captive Allodape colonies 
in Southern Africa. 


Discussion 

The design presented here successfully simulates natural nest structure. It allows 
vapor flow through lumen walls, free excavation of natural pith material in lumen 
extension by the bees, and continuous unobstructed observation and photography. 
The bee colony can be freely manipulated, construction is simple with standard 
tools, materials are readily available, and the cost per unit is small. 
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The tests discussed above were done during the middle and late seasons of 
activity for Exoneura asimillima, when the age distribution of natural colonies 
is shifting toward adults and when less vigorous colonies are dying. Greater colony 
growth and perhaps lower colony mortality would have occurred if the artificial 
colonies had been started earlier in the season. Despite this, it is obvious that 
colony survival following insertion into the artificial nest is dependent on the size 
of the population of the initiating colony. Some eggs and a minimum of 3 adult 
females from preexisting nests give the best assurance of prolonged colony sur¬ 
vival. 

One possible shortcoming of this design is that it requires the insertion of pre- 
established colonies. The artificial nests were not tested to see whether they would 
be selected by free-flying foundress females, but given their apparent preference 
for natural materials (Sakagami et al., 1985; Sugden, in prep.), this seems unlikely. 
[However, Skaife (1953a) coaxed foundresses of African Allodape spp. to select 
artificial nests.] Certain reversible modifications of the observation nest entrance 
such as the attachment of pieces of predrilled natural nest material might be more 
conducive to nest establishment by foundresses. This was not tried. 

It is not known whether other species of Exoneura or Allodape would accept 
the observation nest described here, although it seems highly probable, based on 
similarities in nest biologies of most allodapines. 
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Abstract. — Observations were conducted on the biology of the greenhouse thrips, 
Heliothrips haemorrhoidalis (Bouche), and the imported parasitoid, Goetheana 
parvipennis Gahan. Time required for the development of the unparasitized and 
parasitized host larvae was recorded. Parasitism extended the second host larval 
instar and the prepupa, and prevented molting of the host to the pupa. Devel¬ 
opmental time of the host and the parasitoid was similar. Temperatures ranging 
from 21 to 24°C appeared close to the optimum for the parasitoid in terms of 
development, progeny production, especially on avocado leaves, and percentage 
of adult emergence. 


The greenhouse thrips, Heliothrips haemorrhoidalis (Bouche), is a serious pest 
on avocados in California (Boyce and Mabry, 1937; Ebeling and Pence, 1953; 
Ebeling, 1959). Only one indigenous parasite, Megaphragma mymaripenne Tim- 
berlake, is known for this thrips in California (Ebeling, 1959; McMurtry, 1961; 
McMurtry and Johnson, 1963). Although M. mymaripenne attacks a considerable 
percentage of greenhouse thrips eggs, its ability to control thrips populations is 
questionable (Ebeling, 1959; Hessein and McMurtry, 1988). 

The introduction and establishment of additional parasitoids seemed necessary 
for more effective biological control of the greenhouse thrips. The eulophid, Goe¬ 
theana parvipennis Gahan, parasitizes greenhouse thrips as well as the red-banded 
thrips or the cacao thrips, Selenothrips rubrocinctus (Giard). Goetheana parvi¬ 
pennis was introduced from West Africa to Trinidad in 1935, and became estab¬ 
lished there as well as in other parts of the Caribbean (Callan, 1943; Bennett and 
Baranowski, 1982). In 1962, G. parvipennis was introduced to California from 
Trinidad (McMurtry and Johnson, 1963) and again in 1982 from the Bahamas. 
Although the parasitoid has been recovered from one release site, permanent 
establishment cannot be documented at present. 

This paper reports on preliminary studies on the biology of G. parvipennis in 
relation to that of the greenhouse thrips. 

Materials and Methods 

Observations on developmental biology of G. parvipennis.—An avocado leaf 
was placed dorsal side up on a foam pad in a stainless steal pan containing distilled 
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Figure 1. Rearing unit for the parasitoid, G. parvipennis Gahan, with the cover on. 


water (McMurtry and Scriven, 1965). The leaf was bordered by a moistened strip 
of Cellucotton®, 1 cm wide. A circle, 5 cm in diameter, was created on the leaf 
surface by a similar moistened strip of cellucotton. Two hundred early second- 
instar thrips larvae, reared on orange fruits, were placed inside this circle. Six 
fertilized adult females and five adult males of the parasitoid were then placed 
on the same avocado surface with the host larvae. The surface of the circle was 
covered by a clear plastic, 13 5-ml food container. For ventilation, four holes were 
made in the container and covered by cheese cloth. Searching, ovipositing time, 
and frequency of oviposition of the parasitoids were observed through the plastic. 
The parasitoids and host larvae were left for 3 days, after which the parasitoids 
were removed. Twenty of the host larvae were then placed singly in 1-cm 2 areas 
formed by moistened thin cellucotton strips on two avocado leaves. The remaining 
host larvae were placed in groups of three on areas, each 2 cm 2 , created as above, 
on other avocado leaves. When leaves showed signs of deterioration, the host 
larvae were moved to fresh ones. After the parasitoids formed black pupae, they 
were transferred to vials, either singly or in groups of three, as above. Behavior 
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Figure 2. An adult parasitoid G. parvipennis ovipositing laterally in the first part of the host 
abdomen. 


of the parasitized host, developmental time, morphology and emergence of the 
pupae of the parasitoid were observed. Studies were conducted in the laboratory, 
at 21.1-24.4°C and 20-28% RH. 

Effect of temperature on developmental time, progeny production, sex ratio and 
longevity of G. parvipennis.—To study the effect of temperature on developmental 
time, progeny production and sex ratio, ripe Valencia oranges were placed singly 
inside inverted 1-liter plastic food containers (Fig. 1) to delay desiccation of the 
orange. For ventilation, two circles 5 cm in diameter were cut in the side of the 
container and covered by cheese cloth glued to the container. Each orange was 
supplied with 200 host larvae and 10 fertilized females and 10 males of the 
parasitoid. Four replicates were used for each of three temperatures (17.8, 22.2 
and 29.4°C) maintained in small, controlled-temperature cabinets. 

To determine longevity in the absence of the host, adult females or males of 
the parasitoid were placed in groups in small plastic vials, where a streak of honey 
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Figure 3. Emergence of mature parasitoid larva anteriorly from the host. 


was supplied. The vials were covered with cloth-ventilated plastic covers. Water 
was supplied daily by placing a small piece of cotton, soaked in distilled water, 
on top of the cloth. Besides the three temperatures used before, the effect of 13°C 
was studied using a similar temperature cabinet. 

Developmental period and adult longevity ofYL . haemorrhoidalis.—Five ripe 
Valencia oranges were placed singly under 1-liter plastic food containers (Fig. 1). 
On each orange, an 8 x 4-cm area was delineated by Tanglefoot®. This area was 
subdivided into eight spaces (2x2 cm) by Tanglefoot®. A single adult thrips 
was placed in each space. Forty adults were allowed to oviposit for 48 hr and 
then removed. After the eggs hatched, all but two of the resulting larvae were 
removed. The length of the incubation period, each instar and the longevity of 
the adults were determined by daily observations. During the active stages of the 
thrips, oranges were replaced by fresh ones every 10 days. Studies were conducted 
in small temperature cabinets (Platner et al., 1973) at 23.3°C, 15-60% RH, and 
12:12 L:D photoperiod. 
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Figure 4. Swollen host thrips with single G. parvipennis larva (right) and superparasitized thrips 
(left) with two larvae of the parasitoid. 


Results and Discussion 

Observations on developmental biology of G. parvipennis. —General observa¬ 
tions indicated that the adult females usually preferred the early second-instar 
thrips for oviposition, although sometimes first or late second instars also were 
stung. The prepupa of the host occasionally was parasitized but the parasitoid 
did not complete its development and the host always died before reaching the 
pupal stage. Entwistle (1972), in his review, stated that G. parvipennis females 
will attack nearly mature host larvae but reproduce best in younger stages. The 


Table 1. Time required for development of parasitized H. haemorrhoidalis and its parasite, G. 
parvipennis, at 21.1-24.4°C. 



No. of 

Estimated required time in days 

Stage 

individuals 

Avg. 

Min. 

Max. 

2nd to 3rd instar (prepupa) 

Unparasitized host 

28 

4.7 

3 

5 

Parasitized host 

20 

11.0 

10 

12 

Host 3rd instar (prepupa) to parasite pupa 

20 

4.7 

3 

6 

Parasite pupa darkening to adult emergence 

15 

12.5 

12 

13 

Total time required for parasite development 1 

a. Males 

13 

27.8 

27 

29 

b. Females 

85 

28.3 

27 

29 


1 Oviposition to adult emergence. 






o 


Table 2. Time required for adult emergence, percentage emergence, sex ratio and progeny production rate/female of G. parvipennis at two different temperatures. 


Temperature 

RH% 

Time to adult emergence (days) 


% adult emergence 



Sex ratio (?:S) 



No. of pupae formed 


Avg. 

Min. 

Max. 

Avg. 

Min. 

Max. 

Avg. 

Min. 

Max. 

Avg. 

Min. 

Max. 

22.2 °e 

10-65% 

31.6 

31.0 

33.0 

75.5 

50.7 

83.1 

1.99:1 

1.32:1 

2.45:1 

10.10 

7.00 

13.00 

29.4°C‘ 

20-40% 

20.3 

17.0 

26.0 

59.1 

42.9 

63.2 

4.83:1 

4.00:1 

6.00:1 

3.43 

1.40 

5.70 


1 Four replicates, each with 10 fertilized females and 10 males. 
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Table 3. Longevity of Goetheana parvipennis Gahan at different temperatures. 


Temperature (° C ) 



Number of days 


No. of adults used 

Avg. 

Min. 

Max. 

12.8 

46 2 

11.3 

3 

27 


27 3 

21.7 

2 

46 

17.8 

61 2 

16.6 

2 

36 


24 3 

20.8 

2 

42 

22.2 

34 2 

9.3 

4 

20 


36 3 

12.4 

4 

28 

29.4 

44 2 

1.1 

2 

6 


31 3 

2.8 

2 

15 


adult female inserted its ovipositor laterally in the anterior part of the host ab¬ 
domen (Fig. 2). Oviposition time ranged from 23 to 48 sec. Stung hosts were 
motionless for a few seconds. Up to 25 host larvae were stung by a single female 
in a period of 10-25 min, alternating oviposition with short intervals of cleaning 
the ovipositor. Parasitized larvae molted to the prepupal stage. Dohanian (1937) 
stated that the development of the parasitoid larvae is at first very slow, until the 
host develops nearly to the prepupal stage. After reaching the prepupal stage, the 
host was motionless and slightly swollen. The end of the abdomen darkened 2- 
3 days later. When the parasitoid completed its larval development, it emerged 
from the host anterior through a slit between the prothorax and the mesothorax 
(Fig. 3). The pupae of the parasitoid were first whitish in color, but in a few hours 
turned black, with the shrunken host integument beneath. Superparasitism oc¬ 
curred occasionally, where two larvae developed in one host (Fig. 4). In such 
cases, one of the pupae was usually atrophied, while the other completed devel¬ 
opment. 

The parasitized second-instar larvae took an average of 11 days to reach the 
prepupa stage, compared to only 4.7 days for unparasitized second instars (Table 
1). After the host thrips reached the prepupa stage, the parasitoid took an average 
of 4.7 days to emerge from the host and pupate. Its position was either perpen¬ 
dicular or parallel to the host integument. Adult parasitoids emerged in 12-13 
days after the pupae darkened. Total developmental time from oviposition to 
adult emergence averaged 27.8 days for males and 28.3 days for females at 21.1- 
24.4°C. Symptoms of parasitism appeared about 14 days after stinging. Dohanian 
(1937) stated that the pupa of G. ( =Dasyscaphus ) parvipennis is jet black and 
shining, and that its duration is 10 or 11 days until the emergence of the adults. 
Under laboratory conditions, he found that its life cycle ranges from 17 to 21 
days. 

Mean progeny production of G. parvipennis, where avocado leaves were used 
as the substrate, was 25.3/female (for the six fertilized females used in the begin¬ 
ning of the experiment). Mean percentage emergence was 64.47% and the sex 
ratio was 6.54 5:1 6. 

Effect of temperature on development, sex ratio, fecundity and longevity of G. 
parvipennis.—At 17.8°C, the parasitoid did not reach the pupal instar. The average 
developmental time was 31.6 and 20.3 days at 22.2°C and 29.4°C, respectively. 
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Table 4. Length of developmental stages of Heliothrips haemorrhoidalis (Bouche) in days at 23.3°C. 


Stage 



Number of days 


Number of individuals 

Avg. 

Min. 

Max. 

Egg 

42 

18.69 

15 

21 

1 st larva 

42 

3.42 

3 

4 

2nd larva 

28 

4.66 

3 

5 

Prepupa 

26 

1.60 

1 

3 

Pupa 

24 

2.60 

2 

3 

Total 


30.97 

24 

36 


Though the developmental time was short at 29.4°C, adult emergence was low, 
averaging only 59.1%. At 22.2°C, emergence was 75.5% (Table 2). A higher sex 
ratio occurred at 29.4°C (average of 4.8 2:1 6) than at 22.2°C (average of 2.8 2:1 
<$) (Table 2). 

A higher rate of progeny production occurred at 22.2°C (10.1) than at 29.4°C 
(3.4) (Table 2). However, the average of 10.1 progeny/female was much lower 
compared to the rate on avocado leaves, where it was 25.3 progeny/female when 
six fertilized females were used. This last rate was usually the case in the rearing 
units of the parasitoid on avocado leaves, suggesting that the host plant might 
have an effect on progeny production rate and sex ratio for G. parvipennis. Do- 
hanian (1937) also obtained about 25 progeny/female when culturing G. parvi¬ 
pennis on cacao thrips. Adamson (1936) stated that up to 70 progeny have been 
obtained from a single female G. ( =Dasyscaphus ) parvipennis in the laboratory 
in Trinidad. 

Longevity of the adult parasite was considerably reduced at higher temperatures 
(Table 3). Mean longevity of males exceeded that of females at all 4 experimental 
temperatures. 

The data in Tables 1-3 suggest that temperatures of 21.1-24.4°C are near the 
optimum range for development and reproduction of G. parvipennis. Low tem¬ 
perature, such as 17.8°C, or high temperature, such as 29.4°C, are not favorable. 
From the above studies, it is obvious also that this parasitoid, coming from the 
Bahamas, might be more successful in tropical areas, where temperature ranges 
are moderate. 

Developmental period and adult longevity of H. haemorrhoidalis.—The length 
of the developmental stages of H. haemorrhoidalis is summarized in Table 4. The 
total developmental time averaged 30.97 days, including an incubation period of 
18.69 days at 23.3°C. The longevity of the adults ranged from 20 to 58 days, with 
an average of 40.6 days. One adult lived to 89 days. Rivnay (1935) reported that 
the total developmental time of the greenhouse thrips was 42 days at 23°C, 36 
days at 25°C, and 30.8 days at 28°C. He found that the longevity of individuals 
reared in test tubes was 40 days at 29-30°C, 55 days at 25-27°C, and 110 days 
at 18-20°C. At similar temperature ranges, he found that the individuals reared 
on plants did not live as long as those reared on leaf tissue in test tubes. 
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Abstract.— A second account of parasitism by Notocyphus dorsalis arizonicus 
Townes on Aphonopelma chalcodes Chamberlin is described. This pompilid wasp 
parasitizes juvenile hosts which remain active until near their death. Larval growth 
is rapid with entire consumption of the host within about 1 mo. Notocyphus 
dorsalis arizonicus larvae can live either internally or externally on hosts, and 
pupal duration can vary from less than 2 mo to 15 mo. Variable pupal duration 
may allow wasps to synchronize emergence with optimal seasonal conditions, but 
position of the larvae (internal versus external), or uncontrolled proximate factors, 
such as temperature or humidity, may have also caused the divergent reproductive 
behavior observed in this subspecies. 


Notocyphus dorsalis arizonicus Townes is a small (~ 15 mm total length) pom¬ 
pilid wasp which parasitizes the tarantula Aphonopelma chalcodes (Minch, 1979a). 
Here I provide a second account of this wasp’s parasitic behavior including pho¬ 
tographs at several stages in larval development. I then compare my observation 
with Minch’s (1979a) original account. 

Between 20 and 21 June 1986, I captured a juvenile Aphonopelma chalcodes 
(greatest length from head to abdomen = 18 mm) in a pitfall trap about 30 km 
east of Phoenix, Arizona. The trap was set in Sonoran Desert habitat at an ele¬ 
vation of 500 m. Although the spider behaved normally, a minute white larva 
was attached to the right side of the tarantula’s dorsum at the thoracic-abdominal 
junction (Fig. 1A). 

The tarantula was housed at Arizona State University in a 10-cm square by 
5-cm deep clear plastic box. The box had 1 cm coarse sand on the bottom and 
several small holes in the lid for ventilation. The tarantula caught and ate several 
crickets while the larva increased dramatically in size (Table 1, Fig. 1). The larva 
was not seen to release its hold on the tarantula or reorient its position, nor was 
the tarantula seen attempting to remove the parasite. The larva seemed strateg¬ 
ically placed on the tarantula to avoid being dislodged by the host. The larva 
pupated on 19-20 July 1986 and emerged as an adult 45-48 days later—on or a 
few days before 6 September. The adult wasp was identified with Krombein (1979) 
and by comparison to other pompilids in the Zoology Department’s insect col¬ 
lection at Arizona State University. Dr. Mont Cazier confirmed my identification. 

My observations match those of Minch (1979a) in several ways. Again the host 
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Figure 1. Six stages in the development of Notocyphus dorsalis arizonicus Townes on the host 
Aphonopelma chalcodes Chamberlin. The tarantula remained active until the period between photos 
C and D. Tarantula is alive but flaccid in photo D. The larva continued feeding on amorphous remains 
of the tarantula in diagram E. The adult wasp emerged 45-48 days after pupating. See Table 1 for a 
detailed chronology. 


was an immature tarantula active away from its burrow (as evidenced by capture 
in a pit-fall trap). Both hosts remained active and fed on crickets while parasitized. 
Both larvae grew quickly and completely consumed their hosts (except for frag¬ 
ments) within about 1 mo of capture. Both larvae spun small brown cocoons 
which they exited through circular openings. Two notable differences were 1) 
duration of the pupal period: 15 mo in Minch’s case but only 48 days in this 
account, and 2) position of the larva on the host: internal in Minch’s case, but 
external in my observation. 

Apparently, Notocyphus dorsalis arizonicus larvae can parasitize hosts either 
internally or externally. Minch fed and handled his tarantula without sign of a 
parasite until shortly before the larva emerged from inside the host, at or very 
near the time of the host’s death (Minch, pers. comm.). Yet, the larva I observed 
developed externally (Fig. 1). These contrasting modes of development within 
the subspecies seem remarkably divergent. 

Williams (1928, cited in Minch, 1979a) reported a pupal duration of 52 days 
for Notocyphus tyrannicus Smith in Ecuador, another parasite of theraphosid 
spiders. Minch (1979a) suggested that the shorter pupal duration of Notocyphus 
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Table 1. Chronology of development of Notocyphus dorsalis arizonicus on a juvenile tarantula 
Aphonopelma chalcodes. Larval length refers to greatest rectilinear length, and larval diameter is greatest 
diameter. 


Date 


Observation 


21 June 1986 
27 June 1986 
1 July 1986 
3-4 July 1986 


4 

July 

1986 

8 

July 

1986 

9 

July 

1986 

12 

July 

1986 

14 

July 

1986 

15 

July 

1986 

18 

July 

1986 

19 

July 

1986 

20 

July 

1986 

6 

Sept. 

. 1986 


Larva is 0.5 mm long. 

Larva is 0.7 mm long. Tarantula ate 2 subadult (10-15 mm) crickets. 

Photograph taken (Fig. 1A). Tarantula active. 

Tarantula ate 2 subadult (10-15 mm) crickets. Abdomen bloated to capacity. 
Tarantula active. 

Larva is 2.2 mm long and 0.8 mm in diameter. 

Photograph taken (Fig. IB). Tarantula still active. 

Larva is 4.0 mm long and 1.5 mm in diameter. 

Larva is 8.0 mm long and 3.0 mm in diameter. 

Photograph taken (Fig. 1C). Slight deflation of abdomen beginning around site 
of larval attachment. Larva is 8.5 mm long and 3.2 mm in diameter. 

Photograph taken (Fig. ID). Tarantula with only partial movement in legs. Ab¬ 
domen nearly completely deflated. 

Drawing made (Fig. IE). Tarantula entirely consumed except for some amor¬ 
phous tissue nestled in larva’s ventral posterior half. 

Larva building cocoon. At least some amorphous tissue still attached to larva. 

Larva no longer visible through cocoon wall. 

Adult wasp emerged by cutting a 4.5 mm circular exit hole at one end of the 
cocoon. Right front wing damaged. Wasp mounted on pin. 


tyrannicus resulted from the nearly aseasonal climate of the tropics, while a long 
pupal duration in Notocyphus dorsalis arizonicus was an overwintering stage of 
this temperate wasp. My observation indicates that pupal duration in Notocyphus 
dorsalis arizonicus can actually be quite short. 

If larvae are established early enough in the season, Notocyphus dorsalis ari¬ 
zonicus can complete development and probably breed in the same year. Tarantu¬ 
las are most active in the Sonoran Desert in late summer and early fall (Minch, 
1979b), so hosts should be abundant for wasps emerging in the fall. Other de¬ 
velopmental patterns may occur at other times of the year, so that Notocyphus 
dorsalis arizonicus may be multivoltine. If development varies solely to synchro¬ 
nize with optimal seasonal conditions, however, it is unclear why Minch’s larva 
would then remain encapsulated over the entire period during which my larva 
transformed. 

Minch’s wasp was from an elevation about 350 m higher than mine, so ele- 
vational differences may have led to the variation reported here. Internal versus 
external position of the larvae may also influence development by these wasps. 
Finally, proximate factors such as temperature or humidity may have altered 
normal development in either of these laboratory observations. Additional study, 
ideally with controlled experiments, are needed to assess these possibilities. 
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A New Species of Pegomya (Diptera: Anthomyiidae) 
Attacking Boschniakia (Orobanchaceae) 

Mark Deyrup 

Archbold Biological Station, P.O. Box 2057, Lake Placid, Florida 33852. 


Abstract. — The species Pegomya hyperparasitica is described from specimens 
reared from flowering stalks and ovaries of the parasitic plant Boschniakia hookeri 
Walpers. 


Boschniakia hookeri Walpers is a perennial parasitic plant associated with sev¬ 
eral species of Ericaceae in the West Coast region of North America from North 
California to North British Columbia. The subterranean tuber-like perennial por¬ 
tion (called the soma) of mature parasitic plants is attached to the root of a host, 
and sends up one or more fleshy flower stalks between early spring and June (Olsen 
and Olsen, 1979); during this time an anthomyiid fly attacks the inflorescence. 
The larvae of the fly riddle the flower stalks and the developing seed capsules, 
reducing or preventing seed production. Although the fly is possibly the most 
important natural enemy of Boschniakia hookeri, the attack is restricted to the 
inflorescence, leaving the soma unharmed, hence the fly may be considered a 
parasite of the parasite. The fly is described here to make the name available for 
use in a publication on the biology of Boschniakia. At the very time that these 
biological studies were occurring, Griffiths was preparing his exhaustive mono¬ 
graph on Nearctic Pegomyia (Griffiths, 1982, 1983, 1984a, 1984b). I regret that 
I was unaware of this revision, as it would have been preferable to have the 
Boschniakia fly described by Griffiths in his monograph. 

Pegomya hyperparasitica, New Species 

Male.—Length: From frons to apex of basal stemite of hypopygium 5.0 mm. 

Coloration: Entirely black except for reddish brown frons and buccae; head 
densely white microtomentose except for ocellar triangle and postocciput; thorax 
thinly white microtomentose with three faint dark notal vittae barely visible in 
oblique lighting; tergites more densely white pollinose than thorax, pygidium and 
wide median stripe on tergites 1 + 2-4 black. Wings tinted blackish. 

Head (Fig. 1): Width of frons at narrowest point 0.65 as wide as distance between 
outer edges of posterior ocelli; frons in lateral view 0.57 as wide as distance from 
lower edge of eye to oral margin; third antennal segment 0.56 as wide as long; 
arista with minute slender hairs as short as the wide hairs on the third antennal 
segment; 8 convergent parorbital bristles, no cruciate bristles on disk of frons, 
anterior ocellars proclinate, postocciput with numerous small bristles below post¬ 
ocular series, buccae along oral margin with numerous bristles posteriorly, reduced 
to a single row of strong bristles in anterior half; proboscis short, excluding la- 
bellum about as long as front coxae; palps slender, covered with black setulae. 
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Thorax: The strong dorsal bristles on each side are 3 humerals, 4 posthumerals, 
2 presuturals, 2 presutural dorsocentrals, second presutural acrostical, 1 prealar, 

1 supralar, 2 postalars, 2 interalars, 3 postsutural dorsocentrals, 1 basal submar¬ 
ginal scutellar, 1 discal scutellar, 1 apical scutellar. Prealar as long as first noto- 
pleural. Acrosticals except for second pair weak, similar to marginal scutellar 
series. Strong pleural bristles are 2 notopleurals, 1 mesopleurals on anteroventral 
comer, 2 smaller mesopleurals below first notopleural, 6 mesopleurals in series 
along posterior border, the uppermost bristle conspicuously weaker and shorter 
than the others, 5 stemopleurals, the ventral pair about half as long as the upper 
3. Pteropleuron completely bare. 

Legs: Forefemora with 4 rows of posterior bristles; foretibia with medial pos¬ 
terior bristle, 1 apical posterior ventral bristle, 1 dorsal preapical bristle; foretarsi 
with a short stout basal ventral bristle on first segment, first segment ventrally 
concave in lateral view, all tarsal segments with a ventral pad of short setulae; 
midfemora with posterior ventral, anterior ventral, and anterior rows of bristles 
along length of femur, subapical posterior and subapical posterior dorsal bristles; 
midtibiae with 1 posterior bristle at end of first third of tibia, 1 posterior and 1 
posterior ventral bristle at second third, 1 anterior dorsal bristle at second third, 
this bristle about one-half the length of posterior dorsals, a ring of apical bristles; 
midtarsi similar to foretarsi; hindfemora like midfemora; hindtibiae with 1 pos¬ 
terior dorsal and 1 anterior dorsal bristle at end of first third of tibia, 1 anterior 
dorsal and 1 posterior dorsal near middle, 1 posterior dorsal at apical eighth of 
tibia, 1 apical anterior dorsal, a series of about 10 shorter anterior bristles along 
apical half; hindtarsi similar to foretarsi, but ventral bristle at base of first segment 
about 2.5 times longer. 

Abdomen: Tergites 1-5 with a subapical row of about 6 strong bristles, basal 
sclerite of hypopygium with a subbasal row as well, lateral border of tergite 5 with 
a row of 5 strong bristles; processes of stemite 5 (Fig. 3) with elongate apices 
recurved dorsally, with a strong series of flattened marginal setae in medial section, 
a posteriorly projecting flat projection at basal third of processes; postabdomen 
(Figs. 6, 7) with mesolobus divided halfway to base, surstyli in dorsal view with 
apices bent down, interior lobes expanded and bent upwards. 

Female.—Length: From frons to apex of fifth tergite 5.3 mm. 

Coloration: Sides of head reddish brown except for black ring around eyes, ring 
broken ventrally, and gray lower posterior comer of buccae; frons reddish brown, 
becoming black near ocellar triangle; ocellar, parafrontals, postocciput blackish, 
grayish brown microtomentose, remainder of head densely white microtomen- 
tose; body completely densely grayish brown microtomentose; trochanters, fem¬ 
ora, tibiae, light reddish brown; tarsi black; wings tinted brownish. 

Head (Fig. 2): Width of frons at narrowest point 3.4 times distance between 
outer edges of posterior ocelli; antennae and bristles as in male. 

Thorax: Strong dorsal bristles as in male; strong pleural bristles as in male 
except only 1 lower weaker stemopleural bristle. 

Legs: Strong bristles on front legs as in male except for additional dorsal tibial 
bristle at second third; forebasitarsus concave with setulae as in male; midfemora 
as in male except anterior row of bristles has a gap of about 3 bristles in apical 
third; midtibiae and midtarsi as in male except anterior dorsal bristle at second 
third of tibia as long as posterior dorsals; metafemur as in male; hindtibiae with 
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Figures 1-6. Pegomya hyperparasitica, n. sp. 1. Frontal view of head, male. 2. Frontal view of 
head, female. 3. Fifth stemite of male. 4. Gonostyli and mesolobus in posterior view. 5. Gonostylus 
and mesolobus in left lateral view. 6. Postgonite and pregonite in right lateral view. 
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Figures 7, 8. Pegomya hyperparasitica, n. sp. 7. Hypoproct and cerci of female. 8. Epiproct and 
cerci of female. 


1 posterior dorsal, 1 anterior dorsal at end of first third, one anterior dorsal and 
1 posterior dorsal bristle near middle, 1 posterior dorsal at beginning apical eighth, 

1 anterior dorsal and 1 anterior ventral at beginning of apical fourth, 1 anterior 
apical, 1 anterior ventral apical; hindtarsi as in male. 

Abdomen: Tergites 1 + 2-5 with subapical row of strong bristles, tergite 1 + 

2 with a medial band of strong bristles on each side extending a short distance 
onto disk; ovipositor in dorsal and ventral view (Figs. 4, 5) conical with a few 
long marginal bristles; cerci long and slender, each with 3-4 long apical bristles. 

Type material. — Holotype and 4 paratype males from Bear Lake, Bremerton, 
Kitsap Co., Washington, reared from inflorescence of Boschniakia hookeri Wal- 
pers 21 April 1979. Allotype female same site, ovipositing on flower of Boschni¬ 
akia hookeri, 11 May 1979. Seventeen paratype males and 24 paratype females, 
same site, same host, emerged 18 April; 1 male paratype same site, same host, 
emerged 31 March 1979; 1 male paratype same site, same host, emerged 14 April 
1979. Holotype, allotype, 10 paratype males, 10 paratype females deposited in 
the U.S. Museum of Natural History, Washington, D.C.; 4 paratype males, 4 
paratype females deposited in the collection of the California Academy of Sciences, 
San Francisco; 5 paratype males, 5 paratype females deposited in the Canadian 
National Collection, Ottawa, Ontario; 4 paratype males, 5 paratype females de¬ 
posited in the collection of the Archbold Biological Station, Lake Placid, Florida. 

Etymology. — The specific epithet “hyperparasitica” refers to the parasitic re¬ 
lationship of the fly to a plant which is itself parasitic. 

Discussion.— There is little chance of confusing the male of this species with 
other Pegomya as the unusual configurations of the fifth stemite, easily seen in 
normally pinned specimens, are diagnostic. The description of the processes of 
P. umbripennis Huckett (Huckett, 1966) might give the impression that they are 
similar to those of P. hyperparasitica, but the processes of P. umbripennis are not 
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reflexed so that the apices are directed anteriorally, nor do they have the large 
strongly flattened setae of P. hyperparasitica, and the base of stemite 5 is not 
membranous as P. hyperparasitica. The fifth stemite and hypopygial structures 
of P. umbripennis are illustrated by Griffiths, 1983. The female can be keyed to 
P. sombrina Huckett in Huckett’s 1971 key, but the presence of 4 stemopleurals 
and 4 strong metatibial anterodorsals in P. hyperparasitica separates the two 
species. There are no other Anthomyiidae or Muscoidea reported as breeding in 
Boschniakia or other Nearctic Orobanchaceae. P. hyperparasitica does not appear 
to have close morphological affinities to any of the species or species groups 
described by Griffiths (George Steyskal, pers. comm.). The strongly enlarged and 
expanded seta of the postgonite suggests a closer relationship with the mushroom- 
inhabiting rather than the leaf-mining groups of Pegomya. 
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Biology of a Pegomya Fly (Diptera: Anthomyiidae) 
Attacking the Parasitic Plant Boschniakia (Orobanchaceae) 

Sigurd Olsen, f Mark Deyrup, and Ingrith Deyrup-Olsen 

(SO) 6542 55th Avenue N.E., Seattle, Washington 98115; (MD) Archbold Bi¬ 
ological Station, P.O. Box 2057, Lake Placid, Florida 33852; (IDO) Department 
of Zoology, University of Washington, Seattle, Washington 98195. 


Abstract.— The anthomyiid fly Pegomya hyper parasitica Deyrup deposits its 
eggs in the flowers of Boschniakia hookeri Walpers, a parasitic plant growing on 
roots of various Ericaceae in western Washington State. Larvae feed in the ovaries, 
then bore into the fleshy stem of the inflorescence. Pupae are in soil near the base 
of the plant. Adults emerge from late March through April. The fly greatly de¬ 
creases seed production, without injuring non-reproductive parts of the plant. 


In the preceding paper in this issue the anthomyiid fly Pegomya hyper parasitica 
Deyrup was described from specimens reared from the plant Boschniakia hookeri 
Walpers. B. hookeri is a perennial parasitic plant that attacks roots of a number 
of species of Ericaceae along the coastal regions of Washington, Oregon, and Brit¬ 
ish Columbia. The plant occurs as a tuber-like growth that sends up one or more 
fleshy flowering stalks during spring (Figs. 1, 2). 

Methods 

P. hyperparasitica was studied from the spring of 1977 through the summer of 
1979 at Bear Lake (Section 36 of T122N, R1W) in the Puget Sound Lowlands, 
on the Kitsap Peninsula in western Washington State. The topsoil is an easily- 
permeated gravelly sandy loam. Observations were concentrated in a property lot 
of about 270 m 2 , belonging to S. and I. Olsen. An unusually dense population of 
B. hookeri, several hundred plants, occurs on this site. The climate of the site is 
characterized by mild winters (avg. temp. 4°C) with heavy precipitation (around 
1100 mm), and summers that are cool (avg. temp. 18°C) and dry (around 250 
mm precipitation). 

Pupae were collected in the field by digging below damaged inflorescences during 
June-August. Pupae were placed in plastic petri dishes with a thin overlay of soil 
or on moistened filter paper, and kept over the winter in an unheated shed. 
Cylindrical enclosures covering an area of ground about 225 cm 2 were made from 
wire screening covered with mosquito netting (Fig. 3). These cages were set up in 
early spring 1979 over the site of plants that had been damaged in 1978. Since 
the flies emerge before the plants, the same enclosures could be used to exclude 
flies in 1979. Smaller enclosures, about 80 cm 2 were also used to exclude flies, 


t Deceased. 
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Figures 1-3. 1. Flowering stalk of B. hookeri. 2. Complete plant of B. hookeri. 3. Cages used to 

both trap and exclude flies. 
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B. hookeri 



Figure 4. Emergence of P. hyperparasitica (n = 132) and blooming period of B. hookeri (n = 585). 


but were ineffective in trapping. Six large and 7 small traps were set out on 19 
March 1979 and examined for flies weekly through June 1979. 

Details of the effects of larvae on the flowers and the stem were photographed 
with a Nikon-F camera using Nikon PB-4 bellows and Zeiss Luminar lenses (100, 
63, 40 mm). Illumination was provided by a Bowens Multitec Tecturelite. 

Life History and Behavior of Fly 

In the field adult emergence begins in late March and continues into early June, 
based on records of 132 flies captured in 1979. Seventeen flies emerged from 
pupae kept in petri dishes over the winter; these began to emerge 4 days earlier 
than flies collected in the field, and had completed emergence 9 days earlier. The 
first flies emerging in the field appeared 23 days before the first flowers opened, 
and emergence was complete long before the blooming season reached its peak 
(Fig. 4). This implies that the flies require considerable maturation time, or that 
there is a strong advantage associated with ovipositing on the earliest flowers. 
Even in the laboratory, where flies were maintained in closed containers and not 
fed, the flies lived for several weeks, easily spanning the time between eclosion 
and availability of Boschniakia flowers. Except for the flies emerging in enclosures, 
no flies were seen in the field until ovipositing females appeared on the flowers 
in May. 

Oviposition was observed repeatedly and the typical oviposition stance pho¬ 
tographed (Fig. 5). The female backs into the flower until about half the abdomen 
is concealed in the flower. A single egg is laid on an anther (Fig. 6). The ovipositor 
is rather simple compared with that of Pegomya species that insert eggs into the 
tissues of plants, but is equipped with long hairs that might be used to locate an 
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Figure 5. P. hyperparasitica ovipositing in flower of B. hookeri. 


anther. Upon hatching, the larva bores into the ovary (Fig. 7), where it feeds on 
the developing seeds (Fig. 8). When the young seeds have been eaten, the larva 
moves into the soft stem of the inflorescence, working downward while feeding 
(Fig. 9). The larvae leave the stem near ground level and burrow down to about 
the level of the tuber-like body of the plant. Pupation occurs in this zone. 

The feeding habits encompassed in the genus Pegomya are diverse, including 
leaf-mining, boring in canes of Rubus, stems of Equisetum, and stems of mush¬ 
rooms (Griffiths, 1982, 1983, 1984a, 1984b). Of the 94 species listed by Griffiths, 
hosts are known for 49; 27 species are leaf-miners, and 18 are mushroom feeders. 
The morphological characteristics of most of the species with unknown hosts 
strongly suggest that these are also leaf-miners or mushroom feeders. P. hyper¬ 
parasitica is the only species known to feed on seeds and flower stalks and is thus 
ecologically as well as morphologically isolated from other Pegomya. The structure 
of the male pregonite and postgonite of P. hyperparasitica, especially the enlarged, 
flattened seta of the postgonite (likely to be a derived character state), suggest a 
closer relationship with some of the fungus-feeding species groups. Since B. hookeri 
is somewhat fungoid in appearance, lacks chlorophyll (possibly of nutritional 
significance), and can be attacked without any specialized structures on the ovi¬ 
positor, there is some ecological justification for considering P. hyperparasitica a 
radical offshoot of a mycetophagous lineage. 
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Figures 6-8. 6. Egg of P. hyper parasitica on anther of B. hookeri. 7. Entrance hole of fly larva. 8. 
Fly larva among seeds. 


We strongly suspect that P. hyper parasitica is a monophagous species. The 
specific oviposition site and the two sequential larval feeding sites suggest a spe¬ 
cialized species. We have reared a few of these flies from pupae collected around 
B. strobilacea Gray in Oregon, but since this plant is often considered a southern 
variant of B. hookeri (Hitchcock et al., 1959), these records do not affect the 
monophagous status of the fly. We examined local specimens of two other parasitic 
plants, Allotropa virgata Torrey and Gray (Ericaceae) and Hemitomes congestum 
Gray (Ericaceae), but found no evidence of attack by flies. These are the only 
local parasitic plants with succulent stems like that of Boschniakia, though floral 
and stem morphology are quite different from Boschniakia. 

Effects of P. hyperparasitica on its Host 

Some insects, such as yucca moths and fig wasps, whose larvae feed on deve¬ 
loping seeds, guarantee seed set by pollinating the host plant. The hairy abdomen 
of P. hyperparasitica may transfer pollen, but this transfer is not necessary for 
seed set, as the pollen of each flower is shed directly onto the stigma. Seed pro¬ 
duction and seed viability of flowers on plants in exclusion cages is equal to that 
of undamaged flowers on plants left in the open. The principle cross-pollinators 
appear to be bumble bees (Bombus spp.). If a substantial number of fly eggs fail 
to develop, or if the flies often make abortive oviposition attempts, the flies might 
be significant cross-pollinators, but this seems highly unlikely. 

The larva has a great effect on seed production. Seed counts from 10 randomly 
collected plants taken in 1978 and again in 1979 indicated that about 90% of the 
seed crop was destroyed by flies both years. Undamaged capsules remaining on 
the plant usually develop normally, in spite of the damage to the stem. B. hookeri 
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Figure 9. Larval damage to stem of inflorescence. 


is not usually an abundant plant, and the fly may well be partly responsible for 
its scarcity, though there is no way to test this idea. 

Although the fly has a great effect on the inflorescence, it does not attack the 
underground tuber-like body of the plant. The fly does not exhaust the plant’s 
resources, as no nutrient-storing portions are attacked, and may actually reduce 
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the nutritional drain by the inflorescence if ovaries are consumed before their 
allocation of nutrients is complete. In this sense we consider the fly parasitic, as 
it never kills its host plant. 

Conclusion 

P. hyperparasitica is previously unknown species that appears to be morpho¬ 
logically and ecologically divergent from any known species or species groups of 
Pegomya. It attacks the reproductive parts of a species of plant which is itself 
morphologically and ecologically isolated. Although these flies can be easily found 
once the host is known, both fly and host are relatively uncommon organisms. 
This furnishes another example of a species that would not be known to ento¬ 
mologists were it not for the observations of botanists. 
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The California oakworm, Phryganidia californica Packard, is a herbivore com¬ 
monly found on coast live oak in the San Francisco Bay Area. The larvae are 
reported to occasionally overwinter on deciduous oaks (Burke, 1919) but the 
species appears to require evergreen foliage in order to maintain spatial and 
temporal continuity within the boundary limits of its potential hosts. 

The host spectrum of the California oakworm appears to consist primarily of 
members of the family Fagaceae. Kellogg and Jack (1895) recognized 5 native 
species of oaks: Quercus agrifolia, Q. lohata, Q. kelloggii, Q. dumosa and Q. 
douglasii that could serve as hosts. This list was subsequently expanded to include 
Q. chrysolepis (Kellogg, 1908), Q. suber (Essig, 1915), Castanea dentata and Eu¬ 
calyptus globulus (Burke and Herbert, 1920), Q. tomentella, Q. bicolor, Q. rubra, 
Q. robur, Lithocarpus densiflora, Carya ovata, C. tomentosa, Castanea sativa, 
Betula papyifera (Sibray, 1947), Q. durata (Harville, 1955), Q. velutina, Q. vir- 
giniana (Tietz, 1972), Rhododendron occidentale (Fumiss and Carolin, 1977) and 
Castenopsis chrysophylla (Wickman and Kline, 1985). 

While it is generally held that all native and introduced oaks can support 
oakworm development, temporary feeding on unrelated native and exotic species 
(here termed incidental hosts) may occur during periods of high population density 
when preferred foliage has been depleted (Sibray, 1947) and larval starvation is 
imminent. Cursory observation of such behavior may lead to unwarranted as¬ 
sumptions of nutritional adequacy for these incidental hosts which are never 
subsequently tested by controlled rearing studies. 

More than 150 species including native flora associated with oaks as well as 
fruit trees and ornamentals have been tested on newly hatched and nearly mature 
larvae (Sibray, 1947) with generally negative results. Unfortunately this author 
failed to provide a complete list of species tested so that it is impossible to verily 
many of his findings. 

The current study reports on rearing trials conducted between 1983 and 1987 
on native and exotic oaks as well as other oak associates located primarily on the 
University of California Campus at Berkeley. 

Materials and Methods 

Two types of rearing trials were conducted: 1) in which a single host species 
was utilized throughout the entire larval period and 2) in which outbreak con¬ 
ditions were simulated and last instar larvae were transferred from Q. agrifolia 
leaves to leaves of other species (terminal hosts). 

All larvae were maintained at 20°C in 13-dram plastic vials and fed mature 
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Table 1. Influence of incidental host plants on survival of lirst-instar larvae of the California 
oakworm. 


Host 

No. of 
trials 

Month foliage sampled 

n larvae 
tested 

Age at 100% mortality 1 
(days) (x ± SE/trial) 

Alnus rhombifolia 

5 

March 

144 

8.0 ± 1.5 

Arbutus menziesii 

5 

Aug., Sept. 

222 

5.2 ± 1.0 

Arctostaphylos Columbiana 

1 

Apr. 

31 

10.0 ± 0 

Betula papyifera 

13 

March, Apr., May 

724 

34.4 ± 4.6 

Eucalyptus globulus 

5 

May 

53 

4.6 ± 0.4 

Fagus grandiflora 

1 

Sept. 

4 

14.0 ± 0 

Fagus sylvatica 

1 

Sept. 

4 

34.0 ± 0 

Garrya eliptica 

7 

Jan., Aug. 

143 

7.6 ± 1.4 

Heteromeles arbutifolia 

1 

Mar. 

18 

6.0 ± 0 

Liquidambar styraciflua 

9 

Mar. 

317 

7.8 ± 0.8 

Ulmus americana 

2 

Apr., May 

162 

24.0 ± 14.0 

Ulmus procera 

5 

Oct. 

145 

14.8 ± 1.8 

Starvation 

10 


328 

6.0 ± 0.3 


1 No larvae survived beyond the second instar. 


excised leaves selected from the lower crown area of the same donor trees. Foliage 
was replaced 3 times per week. No attempt was made to control or monitor the 
relative humidity. The initial number of larvae was determined by the egg mass 
size and all larvae were reared individually after the first instar. 

Feeding arenas were examined daily and mortalities recorded. Insects were 
weighed at the onset of pupation and adult eclosion. 

Matings were carried out in plastic vial arenas. Q. agrifolia leaves were replaced 
3 times per week to provide a fresh ovipositional substrate. 

Leaf moisture was estimated by comparing initial weights of fresh leaves with 
weights obtained after a 24 hr ovenization at 105°C (Volney et al., 1983). 


Table 2. Influence of native and exotic fagaceous host plants on the survival of California oakworm 
larvae. 


Host species 

No. of insects reared 

% survival to adult 

Quercus agrifolia 

273 

42 

Q. chrysolepis 

70 

23 

Q. douglasii 

92 

57 

Q. englemanii 

5 

40 

Q. kelloggii 

30 

30 

Q. lobata 

74 

60 

Q. alba 

21 

48 

Q. cerris 

5 

60 

Q. ilex 

14 

36 

Q. macrocarpa 

86 

49 

Q. mongolica 

81 

56 

Q. phellos 

29 

59 

Q. robur 

4 

25 

Q. rubra 

4 

25 

Castenopsis sempervirens 

15 

20 

Lithocarpus densiflora 

46 

15 








K> 


Table 3. Influence of native and exotic fagaceous hosts on developmental rate, size and fecundity of California oakworm. 


Treat¬ 

ment 

Host species 


Duration of larval period (days) (X ± SE) 

Pupal weight (mg) [X ± SE) 

n 

5 


n S 

n 2 

1 

Q. agrifolia 

61 

54.1 ± 

2.8 

53 45.7 ± 2.8 

60 110.0 ±4.9 

2 

Q. chrysolepis 

10 

65.4 ± 

7.4 

6 52.2 ± 2.1 

10 86.8 ± 9.4 

3 

Q. douglasii 

25 

50.9 ± 

1.1 

28 52.5 ± 2.4 

24 104.3 ± 3.3 

4 

Q. kelloggii 

4 

44.3 ± 

0.5 

5 55.8 ± 6.3 

4 149.8 ± 23.1 

5 

Q. lobata 

30 

47.0 ± 

1.1 

16 38.7 ± 0.7 

30 132.3 ± 5.9 

6 

Q. macrocarpa 

22 

45.0 ± 

1.0 

21 36.8 ± 0.8 

22 163.2 ± 5.0 

7 

Q. mongolica 

20 

47.6 ± 

3.5 

22 49.1 ±5.9 

18 138.7 ± 9.0 


Native species 

F = 2.73, P 

= 0.05 


F = 2.53, P = 0.05 

F= 5.82, P = 0.01 


All species 

F = 2.91, P 

= 0.01 


F = 2.72, P = 0.05 

F = 17.77, P = 0.01 

Paired contrasts significant at: 






P = 0.05 


2 vs. 7 



1,7 vs. 6 

1 vs. 4; 2 vs. 3 

P = 0.01 


2 vs. 3 




1 vs. 5,7; 2 vs. 4 

P= 0.001 


2 vs. 5,6; 3 vs. 6 


2,3,4 vs. 5,6 

2,3 vs. 5; 3 vs. 4; 1,2,3,5 vs. 6; 







2,3,6 vs. 7 
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Table 3. Continued. 


Treat¬ 

ment 

Pupal weight (mg) (.? ± SE) 


Adult weight (mg) (Jc 

± SE) 



Eggs laid (X ± SE) 

n 

3 

n 

2 

n 

3 

n 

Total 

1 

51 

71.4 ± 4.9 

51 

92.4 ± 4.7 

52 

34.5 ± 1.6 

52 

98.6 ± 7.5 

2 

6 

56.0 ± 6.1 

9 

67.2 ± 9.5 

6 

25.8 ± 2.8 

8 

79.1 ± 20.2 

3 

27 

70.9 ± 2.1 

26 

79.2 ± 2.8 

27 

32.5 ± 1.9 

15 

90.5 ± 8.6 

4 

5 

60.7 ± 7.9 

3 

109.6 ± 23.3 

4 

44.2 ± 8.5 

2 

179.5 ± 17.5 

5 

16 

87.4 ± 3.7 

29 

104.5 ± 5.3 

15 

46.4 ± 5.2 

19 

122.9 ± 10.8 

6 

21 

99.8 ± 3.3 

19 

128.3 ± 4.8 

21 

50.4 ± 4.1 

18 

156.4 ± 13.5 

7 

18 

80.8 ± 3.5 

18 

115.0 ± 9.6 

17 

44.2 ± 2.9 

15 

163.9 ± 27.8 


F = 6.33, P = 0.01 
F= 13.93, P = 0.01 


F= 4.52, P = 0.01 
F = 8.22, P = 0.01 


T = 4.58, P = 0.01 
F = 6.51, P= 0.01 


T= 2.71, P = 0.05 
F= 4.98, P = 0.01 


Paired contrasts significant at: 


P= 0.05 

1 vs. 2; 1,3,4 vs. 7; 5 vs. 6 

1 vs. 2,7 

2 vs. 4,5 

1,2 vs. 4; 3 vs. 7; 2,3 vs. 5 

P= 0.01 

1,4 vs. 5; 2 vs. 3,6 

2 vs. 5,7; 5 vs. 6 

1,3 vs. 5; 2 vs. 6; 1,2,3 vs. 7 

1 vs. 7; 2 vs. 6; 3 vs. 4 

P= 0.001 

2,3 vs. 5; 1,2,3,4,7 vs. 6 

1,2 vs. 6; 3 vs. 4,5,6,7 

1 vs. 6 

1,3 vs. 6 


C/i 

U) 
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Table 4. Influence of terminal host plants on survival, larval longevity and duration of larval period of last instar larvae of the California oakworm. 


Treat¬ 

ment 

Host species 

No. 

leaves 

assayed 

% moisture 
{X ± SE) 

No. 

larvae 

tested 

% 

survival 

Larval longevity 
(days) (£ ± SE) 

Duration of larval period (days) (Jc ± SE) 

n 2 

n 

$ 

1 

Arctostaphylos Columbiana 

20 

52.0 ± 0.2 

32 

0 

9.5 ± 0.2 




2 

Betula papyifera 



21 

14.3 

18.1 ± 2.2 

1 24.0 ± 0 

5 

22.4 ± 4.8 

3 

Eucalyptus pulverulenta 

20 

49.1 ± 0.3 

33 

0 

10.8 ± 0.3 




4 

Garrya eliptica 

20 

48.6 ± 0.6 

31 

0 

9.9 ± 0.4 




5 

Heteromeles arbutifolia 

18 

48.1 ± 0.3 

55 

1.8 

11.6 ± 0.6 




6 

Lithocarpus densiflora 

20 

46.5 ± 0.4 

35 

88.6 


12 18.5 ± 0.8 

20 

14.9 ± 0.5 

7 

Quercus agrifolia 

20 

49.9 ± 0.3 

88 

92.0 


25 17.2 ± 0.7 

56 

13.3 ± 0.3 

8 

Umbellularia calif or nica 

20 

52.9 ± 0.3 

27 

0 

11.1 ± 0.7 




9 

Starvation 



16 

0 

9.9 ± 0.3 







F= 38.06, P = 0.01 



F = 67.0, P = 0.01 

F — 9.89, P = 0.01 

F = 

19.9, P = 0.01 

Paired contrasts significant at: 









P = 

0.05 


1 vs. 8; 3 vs. 5 



1 vs. 8; 4 vs. 5 




P = 

0.01 


4 vs. 6 



1 vs. 3,5; 2 vs. 8,9 


6 vs. 

2,7 

P = 

0.001 


1,8 vs. all; 6 vs. 3,5,7; 


2 vs. 1,3,4,5 


2 vs. 7 


5 vs. 7 
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Data were analyzed using an analysis of variance. Means were compared using 
the method of least significant difference. 

Results 

The results of a series of feeding trials in which attempts were made to rear 
first-instar larvae on incidental hosts are presented in Table 1. Only Betula, Fagus 
and Ulmus supported survival for as long as 2 wk and no larval development to 
the third instar was observed. Negative results were also obtained with the fall 
foliage of Corylus cornuta var. californica and Ribes divaricatum. These disparities 
in larval performance are not attributable to leaf age. 

Similar trials were conducted using foliage taken from native and exotic oaks, 
tanbark and chinkapin. The results of these trials (Table 2) contrast sharply with 
those of Table 1. Only Q. niger and Q. laurifolia failed to support development 
to the adult stage and with both species, feeding and frass production was observed. 

During the late summer flight period of 1986, male moths were observed hov¬ 
ering about the canopies of all of these native and exotic species on the Berkeley 
Campus with the single exception of Q. mongolica. Oviposition and larval feeding 
was also observed in the Tilden Park Botanical Garden, Berkeley, California on 
Q. agrifolia, Q. chrysolepis, Q. dumosa, Q. durata, Q. douglasii, Q. dunni, Q. 
garryana, Q. garryana var. semota, Q. kelloggii, Q. lobata, Q. x macdonaldi, Q. 
parvula, Q. saddleriana, Q. tomentella, Q. turbinella var. turbinella, Q. turbinella 
var. californica and Q. wislizenii. 

Extensive defoliation also occurred on Q. agrifolia, Q. chrysolepis and chinkapin 
in the Huckleberry preserve, Oakland, California. 

In addition oakworm were observed to feed on Q. turbinella foliage collected 
from the Mohave Desert near Chloride, Arizona and the insects were reared to 
adulthood on foliage of Q. gambelii (collected from the Mingus Mountains, Pres¬ 
cott, AZ) and Q. vaccinifolia (collected from Echo Lake, El Dorado, CO). 

The influence of foliage sampled from Lithocarpus densiflora and Quercus species 
on developmental rate, insect mass and fecundity is presented in Table 3. Ratios 
of pupal wet weight to the duration of the larval period (pw/t) show that growth 
rates for females are greater than that for males on comparable foliage. The highest 
values for female larvae occurred on the deciduous species Q. macrocarpa, Q. 
kelloggii, Q. lobata and Q. mongolica. Feeding trials with the latter species using 
small immature leaves, however, consistently resulted in 100% mortality. Ratios 
of realized fecundity to pupal weight paralleled pw/t values. The poorest perfor¬ 
mance occurred on Q. chrysolepis and Q. douglasii. 

Tables 4 and 5 present data derived from experiments in which larvae reared 
during the early instars on Q. agrifolia foliage were transferred at the onset of the 
last instar to foliage of a terminal host. 

Table 4 compares the influence of coast live oak and tan oak with native and 
exotic incidental hosts on larval/pupal survival, larval longevity and duration of 
the larval period. European birch proved clearly superior to the other incidental 
hosts tested in supporting development. However, in contrast with Quercus agri¬ 
folia and Lithocarpus, larvae reared on Betula suffered a much higher mortality, 
required a longer larval period to reach pupation and produced smaller pupae 
and adults with greatly reduced fecundity (Table 5). A single male survivor on 
Heteromeles weighed only 6 mg and probably would have been incapable of 
mating. 
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Table 5. Influence of terminal host plant on pupal weight, adult weight and fecundity of California 
oakworm. 


Treat- 


Pupal weight (mg) {X ± SE) 


ment 

Host species 

n 2 

n 

3 

1 

Betula papyifera 

1 72.6 ± 0 

5 

47.5 ± 4.6 

2 

Lithocarpus densiflora 

12 108.6 ± 9.3 

20 

75.2 ± 2.9 

3 

Quercus agrifolia 

25 137.4 ± 6.4 

56 

81.4 ± 13.9 

Paired contrasts significant at: 

P= 0.05 

P = 0.01 

F = 4.72, P = 0.05 

2 vs. 3 

F= 14.63, P = 0.01 

1 vs. 3 

2 vs. 3 


Discussion 

Although Phryganidia californica is not strictly monophagous (Puttick, 1986) 
it does appear to generally restrict itself to fagaceous hosts. 

The inability of most native and exotic incidental hosts to support feeding and 
development of first-instar larvae precludes the possibility of such species playing 
a direct role in oakworm population dynamics since the insect overwinters at this 
stage in its life cycle. These plants, however, may provide allomonal protection 
to later larval and pupal stages from natural enemies. 

While the population density of Phryganidia is generally sparse, heavy infes¬ 
tations periodically result in severe defoliation to fagaceous hosts and under such 
circumstances oakworm larvae may be observed crawling and feeding on nearby 
plant associates. 

These species can be termed true hosts if larval feeding results in the production 
of robust adults capable of mating and producing viable offspring. 

Of the nonfagaceous terminal hosts studied, only Betula papyifera, a species 
limited to ornamental plantings, would marginally qualify for inclusion as a host. 
It is possible that a related species B. occidentals, which may be sympatric with 
California oakworm populations reported from Siskiyou County, California (Mil¬ 
ler, 1987) could augment larval feeding in streamside habitats. 

Scriber and Slansky (1981) have shown that relative larval growth rate is a 
function of leaf water content. This relationship does not serve to explain the 
disparity between Lithocarpus and Arctostaphylos, Eucalyptus, Heteromeles or 
Umbellularia and there may be allomonal factors present in the foliage of these 
species that act as feeding deterrents for oakworm larvae. 

In a comparison of native oak species, Puttick (1986) has reported that Q. lobata 
was a better quality food source for California oakworm larvae than Q. agrifolia. 
Larvae reared on Q. lobata had greater efficiencies of conversion of ingested and 
digested food which led to more rapid larval development, greater pupal mass 
and enhanced fecundity. These findings are supported by the results of this study. 
Her generalization that deciduous oaks are a better food source than evergreen 
oaks is partially supported by evidence indicating that larval performance and 
adult fecundity was highest on Q. kelloggii and Q. lobata and lowest on Q. chry- 
solepis. However, current data suggest that the foliage of coast live and blue oak 
are essentially equivalent in their effects. Since the mean duration of the larval 
period ranged between 2 and 3 wk for both males and females it is possible that 
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Table 5. Continued. 


Adult weight (mg) (X ± SE) 


Eggs (x ± SE) 

n 2 

n 

3 

n Total 

1 48.2 ± 0 

12 89.0 ± 8.3 

25 115.8 ±5.3 

F = 4.65, P = 0.05 

2 

19 

56 

F= 1.98 

26.5 ± 4.5 

42.5 ± 2.5 

44.5 ± 1.8 

1 38.0 ± 0 

9 114.0 ± 18.6 

22 160.5 ±11.4 

F = 4.31, P = 0.05 

1,2 vs. 3 



1 vs. 2,3 


reports of the occurrence of three oakworm generations per year in the San Fran¬ 
cisco Bay Area may be partially attributable to host mediated differences in larval 
developmental rate. 

Because information is not yet available on the spatial and temporal variability 
of host metabolites and the possible influence of prior herbivory on the allocation 
of these metabolites quantitative differences in host nutritional suitability can at 
best be only rough approximations. 

Results from the current study suggest that all Quercus species, Lithocarpus 
densiflora, Castenopsis chrysophylla and C. sempervirens qualify as true host species 
whose foliage can support larval development in areas where temperature and 
humidity regimes allow oakworm populations to persist. 
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Notes on Braconidae (Hymenoptera) Associated with Jojoba 
(Simmondsia chinensis) and Descriptions of New Species 

Paul M. Marsh 

Systematic Entomology Laboratory, U.S. Department of Agriculture, Agricul¬ 
tural Research Service, % U.S. National Museum of Natural History, NHB 168, 
Washington, D.C. 20560. 


Abstract. — A brief review is given of 13 species of Braconidae that were asso¬ 
ciated with insects feeding on jojoba, Simmondsia chinensis, in the southwestern 
United States. In addition to host and distributional data, four new species and 
one new genus are described. 


Jojoba, Simmondsia chinensis (Link) Schneider (Buxaceae), a shrub native to 
the southwestern United States, has recently been studied for its economic po¬ 
tential as an oil producer (Sherbrooke and Haase, 1974; Scarlett, 1978; Yermanos, 
1979). In conjunction with this, studies have been undertaken recently to survey 
the arthropods associated with jojoba (Pinto and Frommer, 1980, 1984; Pinto et 
al., 1987). During these studies I was asked to identify the Braconidae that were 
collected, and this paper is a review of those species and is intended to provide 
names and taxonomic information important for future studies on the biological 
control of jojoba pests. 

This review covers only those Braconidae that were actually reared from a host 
insect attacking jojoba branches or leaves, or where there was little doubt of host 
association with an insect from the plant. Of the 13 species collected, four are 
described as new, including one new genus. All of the braconid and host specimens 
are deposited in the collection of the University of California, Riverside (UCR) 
except the holotypes and some paratypes of the new species which are in the U.S. 
National Museum of Natural History, Washington, D.C. (USNM) and the Mu¬ 
seum of Comparative Zoology, Harvard University, Cambridge, Massachusetts 
(MCZ). 


Key to Species of Braconidae Associated with Jojoba 

Keys to restricted groups of parasites such as this one are limited in their 
accuracy and may give misleading information to the user. I suggest that braconid 
parasites associated with jojoba should also be run through the key to North 
American genera provided by Marsh et al. (1987), which also should be consulted 
for explanation and illustration of characters mentioned in the key and descrip¬ 
tions below. 

1. Abdominal terga forming a rigid dorsal carapace that covers most of 


remainder of abdomen . 2 

- Abdominal terga not carapace like, sutures usually distinct. 3 
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2. First cubital and first discoidal cells of fore wing separated, basal segment 

of cubitus present (Fig. 2) . Ascogaster shawi, n. sp. 

- First cubital and first discoidal cells confluent, basal segment of cubitus 

absent (Fig. 4). Chelonus ( Microchelonus) periplocae McComb 

3. Space between clypeus and mandibles forming a circular opening when 

mandibles closed . 4 

- Space between clypeus and mandibles absent . 7 

4. Fore wing with 2 cubital cells, wings mottled (Fig. 8) . 

. Percnobraconoides jojoba, n. gen., n. sp. 

- Fore wing with 3 cubital cells, wings not mottled (Figs. 5, 9, 10). 5 

5. First intercubitus of fore wing weak or absent, first and second cubital 

cells confluent (Fig. 5). Heterospilus frommeri, n. sp. 

- First intercubitus present, first and second cubital calls separated (Figs. 

9, 10) . 6 

6. Abdominal terga granular; stigma in fore wing uniformly clear yellow, 

nervulus vein at most slightly beyond basal vein or intersecting basal 
vein (Fig. 10) . Xenosternum ornigis Muesebeck 

- Abdominal terga longitudinally puncto-striate; stigma brown with basal 

half and spot at apex yellow, nervulus well beyond basal vein by distance 
greater than its length (Fig. 9) . Aleiodes buoculus, n. sp. 


7. Forewing with 2 cubital cells (Fig. 1). 8 

- Forewing with 3 cubital cells, second cell sometimes small and triangular 

(Figs. 3, 6, 7). 9 

8. Ovipositor longer than abdomen; propodeum with a triangular areola 


margined by carinae . Apanteles sp.; A. aristoteliae Viereck 

- Ovipositor barely exserted and much shorter than first abdominal seg¬ 

ment; propodeum without and areola, often with a median longitudinal 
carina . Cotesia spp. 

9. Second cubital cell of fore wing triangular, first cubital and first discoidal 
cells confluent (Fig. 3). Bassus binominata (Muesebeck) 

- Second cubital cell rectangular or square, first cubital and first discoidal 

cells separated (Figs. 6, 7) . 10 

10. First abdominal segment narrow at base, abruptly widening at apex, at 

least 3 times wider at apex than at base . Meteorus sp. 

- First abdominal segment parallel sided, base and apex nearly equal in 

width . Homolobus truncator (Say) 

Aleiodes buoculus Marsh, New Species 

(Fig. 9) 

Female. — Length of body, 4-4.5 mm. Color: Body generally honey yellow, eyes 
and ocellar triangle black, mesonotal lobes, mesopleuron, propodeum, and apical 
abdominal segments frequently light brown; wings hyaline, veins brown, stigma 
yellow on basal Vi and at extreme apex. Head: Eye very large, malar space short, 
at most Vs eye height; mouth opening small, width only slightly longer than malar 
space, clypeus swollen; temple small, about % eye width; ocelli large, ocellar- 
ocular distance about x h diameter of lateral ocellus; face, vertex and temple punc¬ 
tate, frons granulate; antenna with 39 flagellomeres. Thorax: Propleuron rugose; 
mesonotum and scutellum punctate, notauli weakly scrobiculate, meeting in a 
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Figures 1-10. Wings of braconid species. 1. Apanteles aristoteliae Vier., fore wing. 2. Ascogaster 
sham, n. sp., fore andhind wings. 3 .Bassus binominata (Mues.), fore wing. 4. Chelonus ( Microchelonus ) 
periplocae McC., fore wing. 5. Heterospilus frommeri, n. sp., fore and hind wings. 6. Homolobus 
truncator (Say), fore wing. 7. Meteorus sp., fore wing. 8. Percnobraconoides jojoba, n. gen., n. sp., fore 
and hind wings. 9. Aleiodes buoculus, n. sp., fore and hind wings. 10. Xenosternum ornigis Mues. 
Scale line = 0.5 mm. 


wide rugose area; mesopleuron granular-punctate, rugose near wing base and at 
area of sternaulus, sternaulus not distinct; propodeum granular-rugose with a weak 
median longitudinal carina. Abdomen: First tergum slightly longer than apical 
width, granular-strigate; second tergum granular-strigate; third and following terga 
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granular-punctate; first, second and sometimes extreme base of third tergum with 
median longitudinal carina; ovipositor about l h length of hind basitarsus. Legs: 
Tarsal claw without basal tooth; inner spine at apex of hind tibia Vi length of 
basitarsus. Wings (Fig. 9): Fore wing with first segment of radius x h length of second 
segment and Vi length of recurrent vein, nervulus postfurcal by distance greater 
than its length; hind wing with radiellen sinuate and slightly widening at apex, 
basella nearly as long as second segment of mediella, postnervellus present. 

Male.— Essentially similar to female. 

Holotype female.— ARIZONA, Pinal Co., 7 mi W of Superior, 2500 ft, 4 Oc¬ 
tober 1980, “parasite pupa inside geometrid hosts seen 13 Oct 1980, adult wasp 
emerged 24 Oct 1980.” Deposited in USNM. 

Paratypes.— 4 9, 2 $, same data as holotype except dates from 4 May 1979 to 
7 June 1980. Deposited in USNM and UCR. 

The specimens were reared from an unnamed geometrid larva and listed as 
Rogas sp. by Pinto et al. (1987). 

This species will key out to the genus Rogas in the generic key to North American 
Braconidae (Marsh et al., 1987) but, according to van Achterberg (1982), most 
of the species now included in Rogas should be placed in Aleiodes Wesmael. The 
genus Aleiodes is presently being revised by me and S. R. Shaw. A. buoculus 
belongs to a group distinguished by extremely large eyes and ocelli which con¬ 
tribute to the short malar space and narrow temples; it is separated by its wing 
venation with the nervulus in the fore wing being beyond the basal vein by a 
distance greater than its length and by the bi-colored stigma. 

The specific name is from the Latin prefix bu- meaning large and the Latin 
oculus meaning eye. 


Apanteles aristoteliae Viereck 
(Fig. 1) 

Locality. — 1 5, 5 6, CALIFORNIA, Riverside Co., 5.6 mi S of Sage. 

Host. —Epinotia kasloana McDunnough. 

This species, listed by Pinto and Frommer (1984) and Pinto et al. (1987), has 
been reared from various species of Tortricidae and Gelechiidae but this is the 
first record for E. kasloana. 


Apanteles Species A 

Locality. — 3 $, CALIFORNIA, Riverside Co., 5.6 mi S of Sage. 

Host. —Epinotia kasloana McDunnough. 

This species is listed in Pinto and Frommer (1984) as Apanteles sp. C and in 
Pinto et al. (1987) as Apanteles sp. Because the specimens are all males it is 
difficult to accurately identify the species. 

Ascogaster shawi Marsh, New Species 

(Fig. 2) 

Female. — Length of body, 3.5-4 mm. Color: Black; mandibles brown on apical 
half; anterior surface of scape, pedicle, and flagellomeres 1-8 orange or light brown; 
palpi yellow; fore and middle coxae, trochanters, femora, and anterior surface of 
tibiae honey yellow; apical fifth of hind coxa honey yellow, hind trochanters honey 
yellow, hind femur varying from honey yellow with black apex to black on entire 
anterior surface and apical half of posterior surface, apical half of hind tibia honey 
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yellow, hind tibial spurs yellow, hind basitarsus honey yellow on basal third; fore 
wing slightly dusky with darker dusky patch below stigma, veins brown, hind 
wing veins clear. Head: Face, vertex, and temple coarsely punctate; clypeus sparse¬ 
ly punctate and shining, lower margin notched medially; frons rugulose, carina 
between antennae extending onto dorsal third of face; antenna with 30 flagello- 
meres (broken in all paratypes), flagellomeres 1-8 longer than wide, remainder 
shorter and more compact. Thorax: Pronotum with a dorso-medial depression, 
coarsely punctate, somewhat areolate anteriorly; mesonotum coarsely punctate, 
areolate-rugose postero-medially, notauli scrobiculate; scutellum sparsely punc¬ 
tate and shining, pre-scutellar furrow 5-6 foveate; mesopleuron smooth to sparsely 
punctate medially, areolate-rugose dorsally and along stemaulus; propodeum 
strongly areolate-rugose, lateral caudal tubercles blunt, median caudal tubercles 
weak or absent. Abdomen: Carapace bicarinate basally, rounded apically, weakly 
areolate-rugulose; ventral cavity not reaching carapace apex; ovipositor short, not 
reaching carapace apex when exserted. Wings (Fig. 2): First segment of radius 
about 1 Vi times longer than second segment, third segment about 3 Vi times longer 
than first segment; stigma about 1 Vi times longer than radial cell along wing margin. 

Male. — Essentially as in female. 

Holotype female. —CALIFORNIA, Riverside Co., Sec. 32, T.7S, R.1E, Site 2, 
116°54'W, 33°31'N, 5.6 mi S Sage onR3, 6 February 1980, S. Frommer. Deposited 
in USNM. 

Paratypes.— 2 2, 3 6, same data as holotype with dates of 26 February 1976, 
25 May 1979, and 27 May 1980, and four of them labelled as reared from Epinotia 
kasloana McD. Deposited in USNM, UCR, and MCZ. 

Host.—Epinotia kasloana McDonnough. Pinto and Frommer (1984) list this 
parasite as Ascogaster sp. and Pinto et al. (1987) list it as Ascogaster provancheri 
group. 

This species will run to provancheri Dalla Torre in Shaw’s (1983) key to the 
North American species of Ascogaster (couplet 6) but sham is distinguished by 
the more coarsely punctate face, the weak or absent median caudal tubercles on 
the propodeum, the less coarsely sculptured abdominal carapace, and the dark 
markings on the antennae and legs. This species is named for my colleague Scott 
R. Shaw in recognition of his excellent study of the genus Ascogaster. 

Bassus binominata (Muesebeck) 

(Fig. 3) 

Locality. — 1 2, 1 6, CALIFORNIA, Riverside Co., 5.6 mi S of Sage. 

Host. —Epinotia kasloana McDunnough. 

This species was previously placed in the genus Agathis and listed in Pinto and 
Frommer (1984) and Pinto et al. (1987) as Agathis sp., but Sharkey (1985) has 
recently shown the distinctness of Bassus from Agathis. This species was known 
only from the eastern U.S. and this is an unusual extension of its range. It has 
been reared from various leaf mining Lepidoptera including Epinotia, but this is 
a new record for E. kasloana. 

Chelonus ( Microchelonus ) periplocae McComb 

(Fig. 4) 

Locality.— CALIFORNIA, Riverside Co., Palm Desert. 

Host. —Periploca sp. 
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This species, known only from California, was previously recorded by Pinto 
and Frommer (1980) and Pinto et al. (1987) as being reared from Periploca sp. 
in jojoba leaves. The type series was reared from P. nigra Hodges (McComb, 
1968). 


Cotesia Species 

Species of Cotesia were included in the genus Apanteles prior to the study by 
Mason (1981). Five specimens which apparently represent two species were reared 
from jojoba. Because the genus is badly in need of revision and only a few 
specimens of these species are available, I have chosen to list the species below 
without specific names. 


Cotesia Species A 

Locality . — 3 9, 1 6, ARIZONA, Pinal Co., 7 mi W of Superior. 

Host. —Anacamptodes obliquaria Grote. 

This species does not agree with other Cotesia reared from Anacamptodes and 
it is possibly undescribed. Pinto et al. (1987) list it as Cotesia sp. 1. 

Cotesia Species B 

Locality. — 1 9, ARIZONA, Pinal Co., 9 mi W of Superior. 

Host. — Glaucina eureka (Grossbeck). 

I have been unable to find records of any species of Cotesia, or any braconid 
for that matter, reared from this geometrid. This species is also apparently un¬ 
described; it is listed by Pinto et al. (1987) as Cotesia sp. 2. 

Heterospilus frommeri Marsh, New Species 

(Fig. 5) 

Female.— Length of body, 4 mm; ovipositor, 1.5 mm. Color: Head, thorax and 
abdomen dark brown, abdomen with light brown patches on second tergum and 
apical terga; antenna brown; legs honey yellow. Head: Face, frons and vertex finely 
strigate, temple smooth; malar space x h eye height; ocellar-ocular distance about 
2.5 times diameter of lateral ocellus; antenna with 22 flagellomeres. Thorax: 
Propleuron rugose; mesonotal lobes finely granulate-strigose; notauli scrobiculate, 
meeting in a wide rugose area with two distinct carinae; scutellum smooth; me- 
sopleuron smooth with striae around stemaulus, stemaulus impressed but smooth; 
propodeum rugose with distinct carinae dorsally outlining a central areola and 
two basal areas. Abdomen: First tergum rugose, wider at apex than long; second 
tergum strigate-rugose; third tergum strigate on basal Vy remainder of terga smooth; 
ovipositor about % length of abdomen. Legs: Fore tibia with irregular row of 
about 20 stout spines on inner edge. Wings (Fig. 5): Second segment of radius 
slightly longer than first segment. 

Male. — Unknown. 

Holotype female.— CALIFORNIA, Riverside Co., Riverside, UCR Field 4C, 
September 1985, S. Frommer, emerged Oct.-Nov. 1985, associated with tunnels 
of Amphicerus cornutus (Pallas). Deposited in USNM. 

Paratypes. — 7 9, same data as holotype. Deposited in USNM and UCR. 

This species is distinctive by its rugose first abdominal tergum and dark col¬ 
oration. The type series was reared from jojoba branches which contained only 
the bostrichid Amphicerus cornutus. Although not definitely reared from this 
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beetle, these were the only insects taken from the plant indicating a likely asso¬ 
ciation of the two species. It is listed as Heterospilus sp. by Pinto et al. (1987). 

The species is named for its collector, Saul Frommer. 

Homolobus truncator (Say) 

(Fig. 6) 

Locality. — 1 $, CALIFORNIA, Riverside Co., 5.6 mi S Sage. 

Host.—Periploca sp. 

This species was listed in the Hymenoptera catalog (Marsh, 1979) as Zele mellea 
(Cresson), which is a junior synonym, and was previously recorded by Pinto and 
Frommer (1980) as Zele sp. It occurs over the entire U.S. and has been recorded 
from various species of Noctuiidae. 

Meteorus Species 
(Fig. 7) 

Locality. — 1 $, 1 ?, ARIZONA, Pinal Co., 9 mi W of Superior. 

Host.— Undetermined geometrid. 

The genus Meteorus is also in need of revision and the species are not easily 
identified. Because of this and the fact that one specimen is missing its abdomen, 
I am not able to give a specific name. Pinto et al. (1987) list it as Meteorus sp. 

Percnobraconoides Marsh, New Genus 

Type species.— Percnobraconoides jojoba Marsh, n. sp. 

Diagnosis. — Head cubical, space between clypeus and mandibles circular, distal 
margin of clypeus concave, labrum concave; mesonotum strongly declivous an¬ 
teriorly; fore tibia (Figs. 12, 13) with two irregular rows of stout spines on anterior 
side, spines on outer side normally sharp pointed, those on inner side bluntly 
pointed; hind coxa with weak basal tubercle on inside; fore wing (Fig. 8) with two 
cubital cells, radial cell short a wide, last segment of cubitus arcuate, intercubitus 
about as long as recurrent vein, nervulus present and interstitial with basal vein, 
brachius weak, first brachial cell open at apex; hind wing (Fig. 8) with radiella 
absent, cubitella unpigmented and visible only in reflected light, nervellus present, 
hind wing of male with large stigma at base; abdomen somewhat petiolate, first 
tergum narrow at base and with strong basal depression (glyma) on each side; 
ovipositor curved upward. 

This genus is distinctive for North America and will run to couplet 145 of the 
recent key to braconid genera (Marsh et al., 1987) where it can be separated from 
Polystenidea by the stout spines on the fore tibia (Fig. 12). These spines are 
distinctive for the subfamily Doryctinae to which this genus belongs. In addition 
to these stout spines, the inner side of the tibia has several rows of unusual spines 
which are somewhat flat and bluntly pointed, as distinguished from the normal 
sharply pointed spines on the outer side (Figs. 12,13). I have not seen this character 
in any other doryctine genera. Percnobraconoides is also similar to the North 
American genus Pambolidea but is distinguished by the femora not being swollen. 
It is also very similar to the Central and South American genus Percnobracon 
Kieffer, but Percnobraconoides can be distinguished by its wing venation, partic¬ 
ularly the long first segment of the radius and short second segment of the cubitus 
in the fore wing and the stigma in the male hind wing, by the first abdominal 
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Figures 11-13. Percnobraconoides jojoba, n. gen., n. sp. 11. Female habitus (scale line = 1 mm). 
12. Fore tibia. 13. Enlarged view of spines on fore tibia. 
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tergum which is much wider at apex than at the base, and by the large glyma at 
the base of the first tergum. 

The generic name refers to the similarity of this genus to Percnobracon\ the 
gender is masculine. 

Percnobraconoides jojoba Marsh, New Species 
(Figs. 8, 11-13) 

Female (Fig. 11).—Body length, 3-4 mm; ovipositor length, 1.5-2 mm. Color: 
Head, basal % of antenna, and legs honey yellow; thorax and first abdominal 
segment red-brown; apical x h of antenna and remainder of abdomen black; fore 
wing banded. Head: Granulate-rugose, malar space strigate; antenna with 16-21 
flagellomeres; eye large, malar space about l h eye height, temple about Vi eye 
width; ocelli small, ocellar-ocular distance 2.5 times diameter of lateral ocellus. 
Thorax: Mesonotum sharply declivous anteriorly; notauli absent, mesonotum 
costate-granulate, scutellum granulate; propleuron costate-granulate; mesopleuron 
finely granulate, stemaulus deeply sulcate and smooth, subalar groove rugose; 
propodeum rugose dorsally and laterally, finely granulate on sides and on dorsal 
basal areas on each side of median rugose area. Abdomen: First tergum slightly 
longer than apical width, narrowed sharply at base, longitudinally costate-gran- 
ulate with two conspicuous raised basal carinae and deep depression (glyma) at 
each side; second tergum costate-granulate, remainder of terga granulate; ovi¬ 
positor a little longer than abdomen and curved upward. Legs: Fore tibia (Figs. 
12, 13) with irregular rows of stout spines on anterior side, spines on outer side 
normally sharply pointed, those on inner side bluntly pointed; hind coxa with 
weak basal tubercle on inside. Wings (Fig. 8): Fore wing with two cubital cells, 
radial cell short and wide, last segment of cubitus arcuate, intercubitus about as 
long as recurrent vein, nervulus present and interstitial with basal vein, brachius 
weak, first brachial cell open at apex; hind wing with radiella absent, cubitella 
unpigmented and visible only in reflected light, nervellus present. 

Male.— Essentially as in female; hind wing with large stigma at base. 

Holotypefemale. — ARIZONA, Pima Co., Tuscon Mountains, Saguaro National 
Monument West, Red Hill, 3 March 1980, J. Cicero collector, reared from dead 
jojoba branches. Deposited in U.S. National Museum. 

Paratypes. — 1 6, same data as holotype. 1 2, MEXICO, Guaymas, 10 April 
1938, R. H. Crandall collector. Deposited in USNM and UCR. 

The type specimens were reared from branches of jojoba but not associated 
with any specific host insect. Frommer (per. comm.) mentions that a bostrichid, 
Amphicerus cornutus (Pallas), was also collected from the same jojoba plants and 
it could be the host of the wasp. 

The specific name comes from the common name for the plant Simmondsia 
chinensis (Link) Schneider from which the specimens were reared. 

Xenosternum ornigis Muesebeck 
(Fig. 10) 

Locality.— CALIFORNIA, Riverside Co., Palm Desert. 

Host.—Periploca sp. 

This species was reported by Pinto and Frommer (1980) and Pinto et af (1987). 
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It was previously recorded from the southern plains states and has been reared 
from the gelechiid Fascista cercerisella (Chambers). 
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Abstract. — The nemobiine cricket, Neonemobius eurynotus (Rehn and Hebard, 
1918) is compared with other species of Neonemobius. This species has been 
known only from the female holotype. The male sex is described. 


Weissman and Rentz (1978) recorded and discussed the saltatorial orthopteroid 
fauna of Jasper Ridge, a Biological Preserve of Stanford University, and neigh¬ 
boring Palo Alto, California. Included was a nemobiine cricket, Neonemobius 
eurynotus (Rehn and Hebard, 1918). The species was described from a single 
female from Berkeley and was not seen again until the report of Weissman and 
Rentz (1978). The male has not been described. 

Superficially the cricket looks like Modicogryllus but comparison of females 
with the unique holotype (Academy of Natural Sciences, Philadelphia, type H472) 
showed clearly that it is N. eurynotus. The ovipositor of the holotype is badly 
worn so that the teeth on the dorsal valve are missing (Rehn and Hebard, 1918: 
103, fig. 2). A normal ovipositor is shown in Figure 1. The dorsal aspect of the 
holotype (Rehn and Hebard, 1918:103, fig. 1) shows all legs present; when ex¬ 
amined during the present study all right legs were missing (Fig. 2b). In all other 
respects the Palo Alto specimens and the holotype are almost identical. 

Rehn and Hebard (1918) considered its closest relative to be Brachynemobius 
panteli Hebard, a Mexican species, but that more specimens would be required 
to determine whether eurynotus should be assigned to a different genus. It resem- 



Figure 1 


Neonemobius eurynotus, ovipositor. 
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c 

Figure 2. Photographs, Neonemobius eurynotus. a. Male, Palo Alto, California, dorsal, b. Female 
holotype, Berkeley, California, dorsal, c. Male, lateral. 


bles B. panteli in some respects but differs in others and is here placed in the 
genus Neonemobius Hebard, 1913. 

The male genitalia (Fig. 3a-c), the tibial spines and the distal spurs of the hind 
tibia (Fig. 4a, b) are similar to those of other species of Neonemobius. The chro- 
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Figure 3. Male genitalia, a. Dorsal, b. Lateral, c. Ventral. 


mosome number (2N 8 = 19) (Fig. 5) is the same as in the other species of 
Neonemobius described by Lim (1971). The broad robust body is similar to that 
of N. mormonius (Scudder) but is different from some slender species, such as N. 
palustris (Blatchley). The ovipositor is short and heavy, similar to, but shorter 
than, that of N. mormonius. 

Neonemobius eurynotus is more robust than other species in the genus (Fig. 
2a-c) with the possible exception of N. toltecus (Saussure). Total body length is 
greater, male maximum is 11.9 mm and N. mormonius is next at 7.5 mm. Max¬ 
imum total length, female is 12.1 mm and N. toltecus is next largest at 10.0 mm 
(Hebard, 1913). The pronotal length and length of the hind femur of both sexes 
of N. eurynotus are greater than in all other species of the genus, with the exception 
of the measurements for N. toltecus given by Hebard (1913). The tegmina and 
ovipositors are shorter than in any of the other species. 

Rehn and Hebard (1918) gave measurements of the holotype. All but one of 
the measurements fall within the range of the sample of 10 females measured 
(Table 1). The ovipositor length was given as 2.35 mm, while the present sample 
ranges from 1.8 to 2.2 mm. Other than this discrepancy, which may be due to 
method of measurement, the original description allows accurate description of 
the female sex of the species. 

Description. —Relatively large, broad species (Fig. 2a, c), proportion of width 


Table 1. Specimen measurements (mm). 



Males (n — 10) 

Females (n = 10) 

Holotype 1 

Body length 

11.0 (9.9-11.9) 

11.1 (10.1-12.1) 

10.0 

Head length 

2.0 (1.7-2.2) 

2.0 (1.8-2.1) 

— 

Head width 

3.0 (2.7-3.2) 

2.9 (2.6-3.1) 

3.1 

Pronotum length 

1.8 (1.7-1.9) 

1.8 (1.7-2.1) 

1.95 

Pronotum width 

2.8 (2.6-3.1) 

2.7 (2.5-3.0) 

3.0 

H. femur length 

5.2 (5.0-5.4) 

5.1 (4.6-5.6) 

5.5 

H. tibia length 

3.9 (3.6-4.4) 

3.8 (3.1-4.2) 

4.2 

Tegmen length 

2.8 (2.5-2.9) 

2.1 (1.9-2.4) 

2.15 

Ovipositor length 


2.0 (1.8-2.2) 

2.35 


1 Measurements of female holotype from Rehn and Hebard (1918). 
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b 


Figure 4. Hind tibia, a. Tibial spines, b. Distal spurs. 


to length (Table 1) greater than for other North American nemobiine genera. Head 
large, rounded, distinctly broader than pronotum. Pronotal width slightly less 
than twice the length; pronotum rounded; anterior and posterior widths about 
equal, sides subparallel. Tegmina short, less than one and one-half times longer 
than pronotum. Wings reduced to very small lateral pads. Eyes small in dorsal 
aspect, not protruding; antennae very long, about one and one-half times body 
length, mostly pale, darker apically; distoventral spurs of hind tibiae typical of 
the genus Neonemobius, unequal in length, the interior spur longer (Fig. 4b). 
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Description of male. — Characteristics of male stridulatory file as in Table 2. 

Hind tibiae with four internal and three external spines plus the glandular spine, 
this conical and nearly black (Fig. 4a). 

Male genitalia (Fig. 3a-c) subquadrate, tapering on distal two-thirds; anterior 
margin of dorsal epiphallic plate with relatively shallow median U-emargination 
(shallower than in most nemobiines); transverse epiphallic sulcus anterior in po¬ 
sition; distal part of dorsal epiphallic plate long and flat with deep distal median 
V-emargination; rami long and slender with terminal processes broad, ventral 
processes blunt; mesal lobes curved posteriorly. 

Color: Front of face dark brown beneath eyes and extending as a dark triangle 
dorsally between eyes to include at the apex the dorsal ocellus; area above antennae 
to middle of eyes pale; dorsum of head brown with very small darker spots and 
pale blotches, cut by four longitudinal paler lines extending to the occiput, the 
outer two lines beginning at the inner margins of the compound eyes; labial palps 
pale; maxillary palps generally pale with apical half of apical segment infumate, 
brownish. 

Pronotum pale brown, with two narrow triangular darker areas, with apices 
directed laterally, and two raised, darker, brownish areas posterior to the triangles. 
Wings hyaline. Legs pale brown with long, thin black spines, except those of hind 
tibiae which are pale, robust and very long in both sexes, not short and heavy as 
stated by Rehn and Hebard (1918). 

Table 2. Characteristics of male stridulatory file (n = 8). 


No. of teeth 
Length of file (mm) 
No. of teeth/mm 


160.25 

0.99 

163.8 


(148-175) 

(0.80-1.15) 

(143-200) 
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Abdomen medium brown above with two longitudinal broad pale stripes lat¬ 
erally on each segment but these are much less distinct than in females; cerci pale 
brown. 


Cytology 

The cytology of two male crickets from Palo Alto, Santa Clara County, was 
examined. Diakinesis-metaphase I preparations show a total of 18 autosomes, all 
of which appear to be telocentric, plus an XO/XX sex chromosome system, which 
gives 2N <3=19 and 2N $ = 20 elements (Fig. 5) as in other species of Neonemobius 
(Lim, 1971). The X is a rather large chromosome. One of the autosomal elements 
(No. 9 in Fig. 5) is much smaller than the others and separates earlier. Most 
bivalents form only a single chiasma, frequently interstitially or distally located. 

Desutter (1987) has clarified the general classification of the Grylloidea. We 
agree with her in placing the Nemobiinae as a subfamily of the Trigonidiidae 
rather than of the Gryllidae. 
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Overwintering of Phryganidia californica in the 
Oregon Cascades and Notes on its Parasitoids 
(Lepidoptera: Dioptidae) 

David Carmean, Jeffrey C. Miller, and Brian Scaccia 
Department of Entomology, Oregon State University, Corvallis, Oregon 97331. 


Abstract. —A population of California oakworm ( Phryganidia californica Pack¬ 
ard) was observed for 3 yr in the Oregon Cascades. The site was 150 km inland 
from the coast, 44°18'N and at an elevation of 750 m. The only parasitoids reared 
were Ceranthia sp., Hyphantrophaga virilis, both tachinids, and an ichneumonid, 
Mesochorus sp. 


The California oakworm (Phryganidia californica Packard) overwinters as a 
larva feeding on the foliage of plants in the oak family (Fagaceae). Thus, its 
northern distribution may be strongly influenced by the severity of winter con¬ 
ditions and the availability of a host with persistent (evergreen) foliage. Popula¬ 
tions of the California oakworm have been reported to overwinter in California 
only as far north as southern Mendocino County (about 39°N) and there only in 
the areas with a maritime climate (Miller, 1987). Harville (1955) found small 
outbreaks outside the overwintering range of the California oakworm and sug¬ 
gested that vehicles or wind might carry the caterpillars or moths long distances. 

In Oregon, the California oakworm has been reported from golden chinkapin, 
Castanopsis chrysophylla (Dougl.) (Fumiss and Carolin, 1977). Wickman and 
Kline (1985) reported an outbreak that affected many acres of golden chinkapin 
in the southwestern Willamette Valley (elev. 150-230 m, 44°6 , N). This population 
was observed in November 1971. No subsequent observations were reported, and 
they did not comment on overwintering. 

Here we report on a population of the California oakworm found overwintering 
at 750 m elevation on the west side of the Cascade Mountains. 

On 12 August 1985 we found one California oakworm larva on Oregon white 
oak ( Quercus garryana Dougl.) in the H. J. Andrews Experimental Forest, Lane 
County, Oregon (44°13'N). On 22 August 1985 we found first and second instars 
to be very abundant on several golden chinkapins 1.7 km NE of the Oregon white 
oak site. This second site was on a SSE-facing slope, 2.2 km NE of the headquarters 
of the H. J. Andrews Experimental Forest. We returned to this area on 30 August 
and 27 September 1985, collecting many (n > 200) caterpillars each time. Late 
instars, indicating overwintering, were also found at this site on 30 April 1986. 
Additional larvae were collected here on 19 June 1986, 18 November 1987, and 
5 May 1988. 

The cold-hardiness of this population merits further study. Sibray (1947) tested 
the affect of temperature on a Berkeley population of California oakworm. At 
10°C he found an average larval period of 178 days. At 4.4°C there was limited 
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development and death after 3 mo. At 1.7°C there was no feeding and negligible 
activity. There was no hatch of eggs at 1.7°C and 4.4°C. In the H. J. Andrews 
Experimental Forest, at 640 m elevation and 1.8 km SWW of our sample site, 
temperatures below freezing occurred each month from November 1985 to April 
1986, and from November 1986 to April 1987. The coldest months were No¬ 
vember 1985 (mean minimum air temperature — 1.6°C with an absolute minimum 
of — 9.2°C) and January 1987 (mean minimum air temperature of — 1.4°C with 
a minimum temperature of — 9.2°C). 

We searched for the California oakworm in other areas of the H. J. Andrews 
Experimental Forest and western Oregon. Our only find was a single first instar 
in SW Oregon (elev. 250 m, 42°44'N, Daphne Grove Campground, Coos County) 
on tanoak, Lithocarpus densiflorus (Hook and Am.) Rehd., on 27 July 1986. 

Field-collected larvae were reared to document the occurrence of parasitoids. 
The parasitoid species observed were: Ceranthia sp. (Tachinidae); Hyphan- 
trophaga virilis (Aldrich and Webber) (Tachinidae); and Mesochorus sp. (Ich- 
neumonidae). One pupa was found with an emergence hole of an unidentified 
hymenopteron parasitoid. From the collections in 1985 we reared over 200 field- 
collected larvae and only 14 were parasitized, all of these by Ceranthia sp. In 
addition, one of the Ceranthia sp. was parasitized by Mesochorus sp. Parasitoids 
emerged from 7 of 26 larvae collected on 30 April 1986 and 19 June 1986. Four 
of these larvae were parasitized by Ceranthia sp. and three by H. virilis. 

Ceranthia sp. is a gregarious, larval, endoparasitoid. Usually one but up to 
three parasitoids occurred per host. The parasitoid emerged from the last and 
next to last instars. Parasitism was as high as 23.5% (n = 17, 30 April 1986). 

In our study H. virilis acted as a larval-pupal parasitoid. They emerged from 
the pupae of field collected host larvae. Previously H. virilis has been reported to 
emerge from California oakworm larvae (Young, 1977). Also, H. virilis is recorded 
as a larval parasitoid of various Lepidoptera (Amaud, 1978). 

Young (1977) found only 2 (0.17%) of 1150 larvae parasitized by H. virilis 
while Harville (1955) found 6 H. virilis from “several thousands of Phryganidia 
larvae.” Horn (1974) studied parasitism from 1969 to 1972 and found 453 of 
798 field-collected pupae parasitized by various Hymenoptera but did not rear 
any tachinid parasitoids. 

Voucher specimens have been placed in the Systematic Entomology Laboratory 
at Oregon State University. 
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Scientific Note 

First Record of a Dryopid (Coleoptera: Dryopidae) from 
Washington and Notes on the Distribution of the 
Family in the Northwestern United States 

Beginning in early 1986 we began an extensive survey of certain groups of 
aquatic Coleoptera and Hemiptera occurring in the Pacific Northwest. Among 
the more interesting records are the first collection of a dryopid beetle, Helichus 
striatus LeConte, from Washington and also the finding of it in northern Idaho. 
Since recordings of dryopid beetles from the northwestern United States are rare 
and scattered, we felt this an opportune time to present those records with which 
we are familiar. 

Hatch (1965, The beetles of the Pacific Northwest, Part IV, Univ. Wash. Press) 
recorded Helichus striatus from southwestern British Columbia, southeastern Ida¬ 
ho, and Oregon. Brown (1976, USEPA, Water Pollution Control Research Series 
18050 ELD04/72) recorded H. striatus striatus as occurring across the northern 
United States and southern Canada, and H. striatus foveatus LeConte as occurring 
along the west coast of the United States north into British Columbia. Again, 
Brown (1983, A catalog of the Coleoptera of America north of Mexico, USDA 
Agr. Hdbk. 529-49) records both H. striatus striatus and H. striatus foveatus from 
British Columbia, Washington, and Oregon. However, Brown had not seen spec¬ 
imens from Washington or Idaho when compiling these reports. It appears that 
most of the records concerning the distribution of Helichus in the northwestern 
United States were based on what might occur in the region as opposed to what 
had been collected. 

In Washington, specimens of Helichus striatus striatus were collected at Douglas 
County, East Foster Creek, ca. 13 km SE of Bridgeport (R26E T28N Sec. 3), at 
an elevation of 570 m on 31 May 1988. East Foster Creek is perennial for a length 
of ca. 20 km and intermittent for another 20-30 km. The stream is fed by a series 
of springs and run-off, arising mainly from the area of Foster Coulee. The creek 
empties into the Columbia River near Bridgeport. The steppe region vegetation 
which dominates the area was classified as an Artemisia tridentata NutUFestuca 
idahoensis Elm. association (Daubenmire, 1970, Steppe vegetation of Washing¬ 
ton, Wash. Agric. Exp. Stn. Tech. Bull. 62). At the collecting site the stream was 
ca. 1-2 m wide with areas of short riffles and numerous, larger pools. Water flow, 
for this time of year, was unusually slow due to persistent drought conditions 
over the past year. Helichus striatus was collected only from areas along the stream 
bank where current had undercut the shoreline leaving an overhang (ca. 20-40 
cm deep) of soil and vegetation. Kicking-up into this overhang released the beetles 
which were then carried by the current into a net held downstream. No dryopids 
were taken from the riffle areas. Thirty-four adult specimens were collected from 
an overhang area ca. 15 m long. Areas within 300 m up or down stream were 
mostly small pools in which no dryopids were found. In addition to H. striatus, 
33 specimens of Agabus seriatus Say (Coleoptera: Dytiscidae) were collected at 
the overhang site. 

In addition to the Washington record we have taken Helichus striatus from two 
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PACIFIC NORTHWEST 



Figure 1. Collection sites of Helichus striatus in the northwestern United States. A total of 80 
specimens were examined. 


locations, 4 mi apart, along Deep Creek in Boundary Co., Idaho. And, although 
not a record for the state, this find represents a significant northern extension of 
the range of the beetle within Idaho. At the Deep Creek locations, the beetles 
were collected from inundated grasses along the shore. 

The distribution of Helichus striatus in the northwestern United States is pre¬ 
sented in Figure 1. Specimens examined are from the following counties: IDAHO: 
Bannock, Blaine, Boise, Boundary, Lemhi, Madison, Owyhee, Twin Falls, Valley, 
and Washington; OREGON: Baker, Crook, Grant, Harney, Lake, and Linn; 
WASHINGTON: Douglas. 
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Additional Range Extension by the German Yellowjacket, 
Paravespula germanica (Fabricius), in North America 
(Hymenoptera: Vespidae ) 1 
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man, Washington 99164-6432; (AG) Department of Biology, Walla Walla College, 
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The German yellowjacket, Paravespula germanica (Fab.), has become estab¬ 
lished in many temperate areas of the world (Edwards, 1976; Brown, 1979; Smith- 
ers and Holloway, 1977,1978; Olafsson, 1979; Chiappaetal., 1986; Magunacelaya 
et al., 1986a, 1986b), and it continues to become established in new areas as it 
moves west across North America (MacDonald et al., 1980; MacDonald and 
McDonald (sic), 1980; Dunn, 1980a, 1980b; Stanford, 1984). These latter reports 
showed emigrations of German yellowjacket into the West. In the Pacific North¬ 
west it has become established in southern Idaho around Nampa, and is present 
in the Seattle, Washington area. It was also reported in Minneapolis/St. Paul, 
Minnesota and Winnipeg, Canada. In addition, these yellowjackets have invaded 
California. In 1985 these wasps were reported as nesting in the San Francisco Bay 
area with at least 3 suspected colonies (Gambino, 1987). 

The German yellowjacket is noteworthy because it has a propensity to nest in 
man-made structures in North America. Also, colonies are frequently large and 
usually persist late into the fall. These characteristics bring these yellowjackets 
into close contact with humans that often result in stinging episodes. German 
yellowjackets also have a tendency to become perennial, or at least to continue 
into a second year in warmer climates. Some colonies become huge with over a 
million cells in some nests in Tasmania, Australia (Spradbery, 1973; see also 
Edwards, 1980). This yellowjacket has apparently become the dominant species 
in some localities it has invaded (Stanford, 1984), and workers are very aggressive 
scavengers. The wasp is always perceived as a serious public health threat. 

The purpose of this paper is to report additional range extensions of the German 
yellowjacket in North America, and make comparisons of biology and behavior 
with that of Paravespula pensylvanica (Saussure), the western yellowjacket. 

Previous Distribution in North America 

We last reported P. germanica nests occurring in Nampa, Idaho in 1981 and 
workers in Puyallup, Washington in 1982 (MacDonald and Akre, 1984). The 


1 This work was conducted under project 0037, Washington State University, College of Agriculture 
and Home Economics. 
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western-most records of this wasp, into the Great Plains of North America, were 
at Minneapolis and Winnipeg. No colonies have been reported from anywhere 
in the South. 


New Distribution 

It was inevitable that the German yellowjacket continue its spread westward. 
It continues to be the dominant yellowjacket in southern Idaho, and it is becoming 
more abundant in western Washington each year. Significant new distribution 
records (Fig. 1) of German yellowjacket presence and/or establishment, previously 
unreported, are listed briefly below: 

Pacific Northwest 

The first German yellowjacket nest found in Washington was located 4 August 
1983 in a Puyallup home. The colony was killed but the nest was not accessible 
for collection. 

In July 1984, the first workers were netted in British Columbia, Canada at 
Cloverdale (80 km W of Vancouver). 

From August to December 1985, German yellowjacket nests were collected 
from houses in Seattle, Tacoma, and Chehalis, Washington. 

In fall 1986, a colony with a nest of 91 cm x 46 cm was killed in a home in 
Clearbrook, British Columbia (near Vancouver). 

In August and September 1986, the first workers were collected in Ontario and 
Nyssa, Oregon. 

In October 1986, the first nest of the German yellowjacket was collected in 
Walla Walla, eastern Washington, located in a rotten stump of a willow tree. 

In September 1987, the first nest was discovered in Oregon, in a house in Milton- 
Freewater. 

* On 2 October 1988 a nest was collected in Prasser, Washington, and on 2 
November 1988 a nest was removed from a house in Yakima, Washington. 

* As of November 1988 the wasp was established from Vancouver to Rosedale 
in the Skagit Valley. 

Other Significant Occurrences in North America 

German yellowjackets were first collected in St. Louis, Missouri in 1974, and 
they are now abundant in the St. Louis area (Hunt, 1988). They have not been 
collected from other areas. 

In 1985 we received specimens of P. germanica workers from personnel at El 
Dorado County Vector Control, Department of Agriculture, that had been col¬ 
lected in 1983 from South Lake Tahoe, California. Perhaps this was an isolated 
incident as no additional wasp problems have occurred in this locality. 

We found an active colony 7 December 1987, 14.5 km E of East Quincy, 
California (elev. ca. 1100 m), in the base of a tree stump. The temperature was 
about 4°C and snow was lying in patches on the ground, but workers were flying. 

During the summer of 1987 the Parks and Recreation Department of Saskatoon, 
Saskatchewan received numerous complaints about yellowjackets, mainly due to 
German yellowjackets. Personnel located 6 nests, but all were in homes and the 
colonies were destroyed. No nests were collected for analysis. However, a sample 


* Added at proof. 
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Figure 1. Known distribution oiParavespula germanica in the Pacific Northwest, with the interstate 
corridors noted by a dashed line. 


of workers and males was sent to us in March 1987 for species verification. The 
presence of males indicated colonies were present in the city and reproducing. 
The Parks Department will expand a surveillance and monitoring project for this 
wasp in 1988 and 1989. 

Yellowjacket Trapping 
Trapping in Western Washington 

Personnel at the State Department of Agriculture became concerned about the 
distribution of German yellowjacket in Washington during 1985, and during the 
summer of 1986 a trapping network was established to determine areas in western 
Washington where this yellowjacket was present. 

Two hundred Seabright Yellowjacket Traps were deployed along Interstate 5 
from the Oregon to Canadian borders. The traps were baited with either ham or 
pork sausage. All traps were checked and rebaited every 3 working days. Traps 
were monitored from 15 August through 21 October. All captured yellowjackets 
were placed in alcohol for subsequent determination. 

The survey showed that German yellowjackets were present along the entire 
corridor (Fig. 1). However, apparently they were present only in low numbers 
since a total of only 233 workers was captured. The same traps caught 1582 
Paravespula vulgaris (L.) and 1707 P. pensylvanica workers. Of course, it is pos¬ 
sible that the baits or the traps were less effective at attracting or capturing P. 
germanica workers. 

Trapping in Southern Idaho 

As mentioned, the first German yellowjacket nest was collected in Idaho on 24 
October 1981, and collections since this time indicated an ever increasing distri¬ 
bution (Stanford, 1984). Because of these discoveries, efforts were made in 1985 
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Table 1. Sites and nest sizes of analyzed Paravespula germanica nests in Washington, Oregon, and 
Idaho. 


Location 

Site 

Number of cells 

Bellingham, WA 

attic 

12,579 

Renton, WA 

ceiling 

5251 

Auburn, WA 

ground 

4186 

Tacoma, WA 

wall 

4370 

Pacific, WA 

ceiling 

1518 

Puyallup, WA 

eaves 

13,748 

Longview, WA 

wall 

3953 

Longview, WA 

ground 

4955 

College Place, WA 

floor 

4744 

College Place, WA 

wall 

3153 

College Place, WA 

wall 

10,461 

College Place, WA 

ground 

6431 

College Place, WA 

crawl space 

3980 

Walla Walla, WA 

basement 

12,948 

Milton-Freewater, OR 

wall 

13,654 

Milton-Freewater, OR 

attic 

6353 

Caldwell, ID 

out building 

7309 

Nampa, ID 

unknown 

2078 

Nampa, ID 

crawl space 

10,916 


and 1986 to trap or net yellowjackets around Nampa to determine possible spread. 
Trapping was conducted with standard heptyl butyrate traps but with ginger ale 
as the attractant as meat baits were apparently not attractive. Netting was done 
by hand with an aerial net. Traps were placed at 13 sites in 1985 and 9 sites in 
1986 on the perimeter of Nampa and Caldwell, Idaho, and along the Interstate 
84 corridor from Boise, Idaho to Ontario, Oregon. 

Trapping showed German yellowjackets were extremely common in Nampa, 
and are the dominant yellowjacket. However, the survey also showed that these 
wasps are present in Caldwell, Greenleaf, Wilder, Fruitland, and Parma, Idaho, 
and in both Nyssa and Ontario, Oregon. Essentially they are present along the 
entire corridor from Boise to just across the Oregon border. However, in 1985 
the numbers trapped and netted were low, with 17 females trapped; 6 females 
netted. In 1986 low numbers were found again, with 34 females, 3 males trapped; 
17 females netted. The period of collection during 1985 was 29 August to 8 
November; during 1986-1987 this period was 22 August to 9 January. 

Nests 

While many reports of German yellowjacket were submitted by county agents 
or provincial entomologists from western Washington and Canada, we have been 
able to obtain only a few nests for analysis. Usually colonies were killed and the 
nests destroyed. However, we collected or received information on 38 nests; 31 
of these were built inside structures (Table 1). The other 7 nests were in the soil 
or stumps. 

A comparison was made between German yellowjacket and western yellowjack¬ 
et nests collected on about the same Julian dates but in different years. These data 
show German yellowjacket colonies are, in general, larger (Fig. 2). The analyses 
also showed that colonies of this species tend to persist later into the year (Fig. 
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Paravespula pensylvanica 

A - August 
S - September 
O - October 
N - November 


DATES 


7500 - 



J1 7 A7 A1 7 A22 A22 A24 A29 S3 S3 S11 S18 S25 03 09 016 027 N8 


DATES 


Figure 2. Comparison of nest size measured by cell numbers of Paravespula germanica and P. 
pensylvanica. P. pensylvanica data are from MacDonald et al. (1974). 


3; Tables 2, 3). For example, presence of numerous empty cells or cells with 
multiple eggs (indicative of lack of queen control and the presence of egg laying 
workers, respectively) in nests of P. germanica occurred later into the year than 
in nests of P. pensylvanica (Tables 2, 3). Also in many cases the P. germanica 
foundress queen was still alive and functional later into the year (Table 2). 

A serious problem in comparing nests of these two species is that all western 
yellowjacket nests were collected in the field under unaltered conditions. This is 
reflected in the relatively smooth increase in the size of the colonies (Fig. 2). Many 
German yellowjacket nests were collected from situations in which colony history 
was unknown. The data on colony size suggested that several colonies were treated 
with insecticides early in the development of the colony as the nests are unusually 
small for the dates of collection (Fig. 1, Table 2). All data on these nests should 
be considered with this potential problem in mind. 

Similarity in colony sizes exists between P. germanica in North America and 
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J1 7 A7 A17 A22 A22 A24 A29 S3 S3 S11 S18 S25 03 09 01 6 027 N8 



DATES 


Figure 3. Comparison of number of empty cells in nests of Paravespula germanica and P. pen¬ 
sylvanica. P. pensylvanica data are from MacDonald et al. (1974). 


Europe. Spradbery (1971) found a maximum of 12,000 cells per nest in England 
and Vasic (1968) cited a nest analyzed by Grozdanic (1965) with 12,632 cells per 
nest in Belgrade. This compares favorably to nests collected in Washington, 13,748 
cells, Idaho, 10,916 cells, and Oregon, 13,654 cells. North American and European 
colonies are very small in comparison with those in the temperate maritime 
climatic regions where some nests contain more than a million cells (Spradbery, 
1973). Nesting behavior of North American and European colonies also appears 
to be similar with nests occurring in structures and in the soil. However more 
colonies nest in structures in North America. 

Seasonal Activity 

The seasonal activity of P. germanica and P. pensylvanica differs only in du¬ 
ration. Queens become active in the spring from early April to May, depending 
on weather, and forage for food and seek nest sites until late June. The first workers 








































































































Table 2. Analyses of 19 nests of Paravespula germanica from Washington, Idaho, and Oregon. 


Location 

Coll, date 

Queen 

Combs 

Cells 

Eggs 

Larvae 

Pupae 

Empty cells (%) 

Longview 

17 July 1987 

no 

6 

3953 

303 

799 

2397 

454 (11.5) 

Auburn 

4 Aug. 1985 

? 

6 

4186 

10 

268 

2057 

1851 (44.2) 

Tacoma 

21 Aug. 1985 

? 

8 

4370 

522 

662 

1860 

1326 (30.3) 

Coll. Place 1 

21 Aug. 1987 

yes 

6 

4744 

272 

866 

2548 

1058 (22.3) 

Pacific 

22 Aug. 1985 

no 

3 

1518 

233 

415 

721 

149 (9.8) 

Coll. Place 

23 Aug. 1987 

yes 

5 

3153 

725 

558 

1701 

169 (5.4) 

Coll. Place 1 

23 Aug. 1987 

yes 

14 

10,461 

1535 

3256 

4856 

814(7.8) 

Longview 1 

1 Sept. 1987 

yes 

6 

4955 

587 

1257 

1891 

1220 (24.6) 

Renton 1 

2 Sept. 1985 

? 

8 

5251 

762 

1632 

1957 

900(17.1) 

Puyallup 1 

12 Sept. 1985 

? 

6 

13,748 

752 2 

2068 

3091 

7027 (51.1) 

Coll. Place 1 

16 Sept. 1987 

no 

8 

6431 

482 

1911 

3075 

963 (15.0) 

Milton-Freewater 1 

22 Sept. 1987 

? 

17 

13,654 

0 3 

656 

279 

12,719 (93.2) 

Coll. Place 1 

13 Oct. 1987 

yes 

6 

3980 

508 

1516 

1730 

226 (5.7) 

Milton-Freewater 1 

14 Oct. 1987 

yes 

6 

6353 

544 

2740 

630 

2439 (38.4) 

Caldwell 1 

15 Oct. 1986 

? 

10 

7309 

260 

2109 

1769 

3171 (43.4) 

Nampa 1 

3 Nov. 1983 

? 

5 

2078 

31 2 

208 

324 

1515 (72.9) 

Nampa 1 

19 Nov. 1983 

? 

6 

10,916 

— 

— 

— 

— — 

Walla Walla 1 

19 Nov. 1987 

no 

6 

12,948 

274 

2142 

340 

10,192 (78.7) 

Bellingham 1 

7 Dec. 1987 

no 

8 

12,579 

0 

0 

0 

12,579 (100) 


1 Colonies with reproductive cells. 

2 Colony with >4% multiple eggs per cell (all others < 1%), suggesting queen had died. 

3 Colony collected 1 mo after killed, eggs probably too dry to identify. 

— No data taken. 
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Table 3. Analyses of 17 nests of Paravespula pensylvanica from Washington (MacDonald et al., 
1974). 


Location 

Coll, date 1 

Combs 

Cells 

Eggs 

Larvae 

Pupae 

Empty cells (%) 

Pullman 

17 July 1973 

3 

563 

188 

179 

179 

17 (30.0) 

Pullman 

7 Aug. 1973 

5 

3215 

694 

1373 

1135 

13(0.4) 

Pullman 

17 Aug. 1973 

4 

2230 

439 

952 

827 

12 (0.5) 

Pullman 

22 Aug. 1973 

4 

3801 

725 

1509 

1537 

30 (0.8) 

Pullman 

22 Aug. 1973 

4 

1147 

250 

499 

369 

29 (2.5) 

Pullman 2 

24 Aug. 1973 

5 

4935 

661 

1842 

1790 

642(13.0) 

Pullman 2 

29 Aug. 1973 

5 

4866 

747 

2014 

1674 

431 (8.9) 

Pullman 2 

3 Sept. 1973 

5 

3002 

625 

1324 

1006 

47 (1.6) 

Pullman 2 

3 Sept. 1973 

6 

4275 

712 

1846 

1406 

311 (7.3) 

Pullman 2 

11 Sept. 1973 

5 

4291 

649 

1688 

976 

978 (22.8) 

Pullman 2 

18 Sept. 1973 

7 

6489 

741 

2741 

1394 

1613 (24.9) 

Pullman 2 

25 Sept. 1973 

6 

4447 

460 

2004 

1097 

886 (19.9) 

Pullman 2 

3 Oct. 1973 

7 

5159 

9 

0 

55 

5095 (98.8) 

Pullman 2 

9 Oct. 1973 

7 

3869 

0 

0 

40 

3829 (99.0) 

Pullman 2 

16 Oct. 1973 

6 

4499 

0 

0 

10 

4489 (99.8) 

Pullman 2 

27 Oct. 1972 

7 

5891 

0 

0 

47 

5844 (99.2) 

Pullman 2 

8 Nov. 1972 1 

7 

6128 

0 

0 

0 

6128 (100) 


1 Only one colony available in November and no colonies were available in December. 

2 Colonies with reproductive cells. 


of the western yellowjacket appear about 10 June in Pullman, Washington, while 
the earliest records of German yellowjacket workers indicate this species may be 
a bit later, in mid-late July. However, it is more probable that this late appearance 
of workers is simply due to a lack of collection records early in the season when 
workers are few in number. Colony longevity, however, seems to differ markedly 
as we received a few reports of German yellowjacket workers still very active and 
flying late in the fall and winter, with one case in Marysville, Washington with 
workers still active into February. This colony was in the wall of an unheated 
garage. In addition, two colonies were still active in Eagle, Idaho, 22 km NE of 
Nampa, in January 1987. One colony was in the attic of a house and the other 
in the wall of a bam. The maximum life span of western yellowjacket colonies is 
7 mo, compared to the German yellowjacket which survives up to 11 mo. 

Males and new queens of P. pensylvanica are active late September-October, 
infrequently into early November. Queens of P. germanica are active from Oc¬ 
tober into early January. 


Summary and Discussion 

Analyses of nests of the German yellowjacket show colonies are similar to those 
found in Europe, but are considerably larger than typical western yellowjacket 
colonies, and they persist later into the year. Since food resources become sparse 
later in the year, there is a tendency for these wasps to be in contact with humans 
for a longer period of time. Their propensity for nesting in structures also adds 
to greater human contact. 

We anticipate the German yellowjacket will continue to expand its range into 
nearly all of western North America, and will become the dominant, scavenging 
yellowjacket in many of these areas. No information was available about German 
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yellowjacket in eastern or northern Oregon. However, it is assumed that they are 
present. Problems arise in determining range extensions when similar species are 
present, because many people do not realize that a new species has become 
established. Although interactions between P. germanica and P. pensylvanica are 
essentially unknown, within 2-5 yr of becoming established in an area, P. ger¬ 
manica apparently out-competes western yellowjackets to become dominant in 
numbers of workers and colonies. Also, the mild climate in parts of the Pacific 
Northwest might be amenable to colonies surviving more than one season. How¬ 
ever, while we have received reports of at least 3 large nests that reportedly lasted 
more than a year, we have been unable to verify these accounts. 

The sympatric existence of these two species in many localities of North Amer¬ 
ica presents a unique opportunity to study the behavioral interactions of two very 
closely related species. It would not be at all surprising if they would eventually 
mate to produce a hybrid. However, in most areas mating is most likely improb¬ 
able since male and queen production by the German yellowjacket is later in the 
year. Conversely, there is some overlap in reproductive production of colonies, 
and eventually hybridization is a possibility. 
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Abstract. — The phoretic behavior and olfactory preference of Macrocheles mus¬ 
caedomesticae (Scopoli) (Acarina: Macrochelidae) were studied in regard to their 
relationship with Fannia canicularis (L.) (Diptera: Muscidae). The mites and fly 
larvae were located in the top 5 cm of poultry manure cones. An average of one 
female mite was found on each female F. canicularis collected in the field. 

The olfactory preference of the mite was determined to be for the adult, followed 
by the egg, larva, and pupa of F. canicularis, respectively. Studies indicated that 
the mites have a negative effect on the oviposition and longevity of the flies. 


Fannia canicularis (L.) (Diptera: Muscidae), the little house fly, is an important 
pest of humans and livestock. The fly is capable of carrying many viral and 
bacterial pathogens and therefore is also a public health concern (Axtell, 1985). 
It is a prime pest in poultry houses where the rapid accumulation of manure 
serves as an excellent breeding medium for the fly. 

In San Diego County, California, F. canicularis is the major pest associated 
with poultry ranches. Large populations of flies cause severe annoyance to workers 
and fecal material produces unacceptable spots on eggs and equipment. However, 
the flies are most troublesome when they disperse to surrounding areas where 
they constitute a serious nuisance to the people in neighboring homes and busi¬ 
nesses. This strains community relationships and sometimes leads to lawsuits. 
Fannia canicularis also spreads pathogens that cause poultry diseases; of particular 
importance is the virus that causes velogenic viscerotropic Newcastle disease 
(VVND), a serious problem in poultry (Axtell, 1985). 

Macrocheles muscaedomesticae (Scopoli) (Acarina: Macrochelidae), a mite 
commonly found in manure, is an effective predator on the eggs and first instars 
of F. canicularis (Axtell, 1961; Pereira and de Castro, 1945, 1947; Steve, 1959; 
Wicht and Rodriguez, 1970; Willis and Axtell, 1968). In recent years studies have 
concentrated on using this mite, selected pesticides, and microbial agents in in¬ 
tegrated pest management programs for muscid flies (Wicht and Rodriguez, 1970; 
Anderson, 1982; Krantz, 1982). 

1 Work done at San Diego State University, continued under project 0807 at the College of Agri¬ 
culture and Home Economics, Washington State University, Pullman, Washington 99164-6432. 
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Behavioral studies (Axtell, 1964; Farish and Axtell, 1966, 1971; Kinn, 1966; 
Jail and Rodriguez, 1970) have detailed some of the predatory behavior of the 
mite on the house fly, and Jail and Rodriguez (1970) discovered that olfactory 
cues directed the mite to its host. It preferred adult house flies to eggs. The adult 
female of M. muscaedomesticae, in addition to being a predator, is also phoretic 
on adult F. canicularis (Steve, 1959; Singh et al., 1966; O’Donnell and Nelson, 
1967; Wicht and Rodriguez, 1970; Axtell, 1981). It is unknown if this relationship 
is simply phoresy or if parasitism (feeding by the mites) is also involved. 

The purposes of this study were to ascertain the location of M. muscaedomes¬ 
ticae and the immature stages of F. canicularis in poultry manure cones, to de¬ 
termine if M. muscaedomesticae is found on adult F. canicularis in the field, and 
to determine if there is a preference by M. muscaedomesticae for certain stages 
of F. canicularis. In addition, the relationship between adult female M. muscae¬ 
domesticae and adult F. canicularis was examined by studying oviposition and 
longevity of the flies. 


Materials and Methods 
Fly Population 

Rearing. —Fannia canicularis (Laboratory stock, University of California, Riv¬ 
erside) were reared on spent (previously composted non-heat generating which is 
suitable for the low temperature tolerance of the little house fly) Musca domestica 
(L.) CMSA (Chemical Specialties Manufacturers Association) medium that was 
frozen to kill any remaining M. domestica. Four sleeve cages each containing ca. 
100 adult flies were maintained throughout the study, and were provided with 
water and a powdered sugar-milk mixture (1:1). Fresh water and fresh protein 
mixture were provided every third day. Eggs were collected by placing a tablespoon 
of spent CSMA medium (which had been sewn pillow-like into a piece of muslin 
cloth) into the sleeve cage for 24 hr. Eggs could be removed from the pillows by 
a simple rinsing with distilled water. 

Mite Population 

Rearing. — The mites were collected from the surface layer of chicken manure 
from the Hiliker Poultry Ranch in Lakeside, California (San Diego County). The 
top 3-5 cm of a manure cone was collected and stored in waxed containers until 
the sample could be placed into a modified Berlese funnel (MacFadyen, 1953; 
Averbach and Crossley, 1960) to separate the mites. 

Stock cultures were initiated by taking samples from jars below the Berlese 
funnels, chilling them (2-3 min), and sorting the M. muscaedomesticae from other 
arthropods. Female mites, easily recognized by their oval body and ventral plates 
(Wade and Rodriguez, 1961), were placed via a camel’s hair brush into plastic 
containers (9 x 9 cm with a 4 x 4-cm screened hole in the lid) that contained 
moist spent CSMA medium. The mites were maintained in an incubator at 27 
± 1°C. Although relative humidity was not controlled, water was added every 
third day so that the medium remained slightly damp. Frozen fly eggs were added 
to the cultures every other day. Cultures remained in good condition for about 5 
wk, until fungal growth developed in the medium and it had to be replaced. 
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Collection of Manure Samples 

Collections of manure were made to determine where in the manure cone the 
M. muscaedomesticae and larvae of F. canicularis were located. Pie-tin (12.5 x 
3.5-cm) sized samples were taken from the cone with a wooden spatula (10x6 
cm). The samples were stored in wax containers with plastic wrap cover to prevent 
desiccation until analyzed. Each sample was divided into 5 parts of ca. 10 g each 
for analysis under a dissecting microscope. The samples were picked apart with 
a metal probe and visually scored for M. muscaedomesticae and F. canicularis 
larvae. Manure samples were taken at 5-cm, 10-cm, 15-cm, and 30-cm levels 
from the top of the manure cone. Samples were also taken from directly around 
the bottom of the cone and 5 cm out from the bottom of the cone in the dry, flat, 
dust area. 


Olfactory Orientation Tests 

Olfactory response tests were conducted to determine if M. muscaedomesticae 
preferred any one stage of the fly. These tests used F. canicularis and M. mus¬ 
caedomesticae from the laboratory stock. 

Apparatus. — The olfactory response of the mite was tested in a glass olfactometer 
(Fig. 1) consisting of four horizontal tubes each 1 cm diam and 6 cm long. A fifth 
vertical tube, which entered from above and was placed at the center of the 
preference tubes, was used to place the mites into the apparatus. Previous re¬ 
searchers employed a simple choice tube (Jail and Rodriguez, 1970) or an area 
type apparatus (Farish and Axtell, 1966). Neither of these designs was suitable 
for my investigations. 

Preliminary bias tests. -Fifty-two mites were used for this experiment. The 
apparatus was rotated a quarter of a turn after each mite was tested to test for 
possible responses due to differences in lighting or for other directional responses 
due to unknown factors. The mites were introduced into the apparatus individ¬ 
ually, and each mite was removed before the next was introduced. The procedure 
was modified from previous experiments where mites were tested in large groups 
(Farish and Axtell, 1966; Jail and Rodriguez, 1970). In these tests, mites were 
run separately to eliminate any possible following behavior. Each mite was taken 
from its culture with a fine camel’s hair brush, placed into the center of the 
apparatus, and given 30 sec to make a choice. If no choice was made, the mites 
were removed and discarded. A choice was recorded when a mite crawled into 
one of the four arms a distance of at least 2 cm. The mite was then transferred 
to a new stock container. None were used repeatedly. Of the 50 mites tested, 12 
went down arm 1, 12 down arm 2, 11 down arm 3, and 12 down arm 4. This 
indicated the apparatus was suitable for olfactory tests. 

Olfactory tests. — This experiment was conducted to determine if any stage of 
the fly was preferred by the mite. Viable eggs, larvae, pupae, and adults of F. 
canicularis were used. One developmental stage of the fly was live mounted at 
the end of one of the tubes with wax. An egg was mounted in arm 1, a larva in 
arm 2, a pupa in arm 3, and an adult in arm 4. The mites were introduced one 
at a time and removed after making a choice. Again, the mites were given 30 sec 
to make a choice after which time they were removed. A choice was defined as 
the mite walking 2 cm into one of the arms. The apparatus was again rotated 
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Figure 1. Apparatus used to test the olfactory preference of the mite. A = plan of the apparatus; 
B = elevation of apparatus. 


after each trial to control for differences in room lighting or possible directional 
preference by the mites. A total of 200 mites were tested in four replicates con¬ 
sisting of 48, 52, 48, and 52 mites, respectively. After a replicate was completed, 
the fly stages were removed, and the apparatus was washed with 70% ethanol and 
rinsed with water. Fresh fly stages were then mounted in the apparatus for the 
next test. 


Field Collection of Adult Fannia canicularis 

Fannia canicularis were held collected to determine the average number of M. 
muscaedomesticae found on adult flies. The collection trap consisted of a card¬ 
board, triangular trap with sides of 9.5 cm with a rectangular sticky board base 
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9.8 x 17 cm. Inside the trap a cotton wick hung above the sticky board. The wick 
was saturated with “Grandma’s molasses”® obtained locally. 

A fresh cotton wick with molasses was furnished every second week. The sticky 
boards were removed from the traps when they became covered with insects, or 
every 2 wk and were replaced with fresh boards. Boards were placed into plastic 
bags for transport to the laboratory for examination under a dissecting microscope. 
The number and sex of F. canicularis on the board were noted, along with the 
number of attached mites. The collection and examination of flies continued from 
17 February through 27 April 1986. 

Studies on the Phoretic Behavior of 
Macrocheles muscaedomesticae 

Since previous experiments had suggested that the mite had a deleterious effect 
on the fly, I decided to investigate oviposition and longevity. 

The normal, average number of eggs laid by F. canicularis was determined by 
placing 32, 7-8-day-old female flies (which had previously not oviposited) into 
individual vials. The flies were chilled for 5 min to facilitate handling. Each vial 
contained one muslin cloth egging pillow (2x2 cm) filled with previously thawed, 
spent CSMA fly medium. The flies were then held at 25°C for 24 hr. After 24 hr, 
the number of eggs present was determined. 

A second test was performed in which one female mite per fly was added. Since 
only female mites are phoretic (Axtell,1964) they were the only sex used. Each 
mite was picked at random from a stock container with a fine brush and placed 
on an immobilized fly. After 24 hr, a count of fly eggs present was again made. 

Longevity experiment.— These tests were conducted to determine if M. mus¬ 
caedomesticae affected the life span of the fly. Fifty 3-day-old flies were placed 
into individual vials. Each fly had one female mite placed on it. A control group 
of 50 miteless flies was run simultaneously under the same conditions. The vials 
were held at 25°C, and no food was supplied during the experiment (Jail and 
Rodriguez, 1970). Longevity was recorded in days. 

Results 

Collections from Chicken Manure 

Macrocheles muscaedomesticae was found together with F. canicularis larvae 
only in the top 5 cm of the manure cone (Fig. 2), although fly larvae continued 
to be present to at least a depth of 10 cm. None of the other sample sites yielded 
either flies or mites. 

Olfactory test. — Two hundred mites were tested in replicates of 48, 52, 48, and 
52 mites, respectively. Sixty chose the egg, 28 the larvae, 36 the pupa, and 70 the 
adult. The mite clearly showed a preference for the adult and egg (chi-square, 
25.52 significant to 0.001). 

Of the 109 adult F. canicularis collected, only 11% had mites and a maximum 
of one female mite per fly was found. In addition all mites were found on female 
flies, although both male and female flies were found in the traps. 

Nine of the 32 flies tested without mites did not lay eggs, 22 of the flies with 
mites did not lay eggs (z-test, z = 2.97, significant at 0.05, two-tailed test) (Won- 
nacott and Wonnacott, 1985). Dissection revealed that all the flies that failed to 
oviposit had mature eggs in the ovaries. A comparison of the flies alone and the 
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flies with mites using a completely randomized analysis of variance test resulted 
in an F -value of 7.71 which is significant at 0.01 (Wonnacott and Wonnacott, 
1985). A comparison of the two groups of flies using the same statistical test, but 
excluding the flies that did not oviposit, results in an F -value of 4.12 which is 
significant at 0.10 level. 

The average life span of flies without mites was 1.5 days while that of flies with 
mites was 1.3 days. This was not a significant difference. 

Discussion 

The mite showed a definite olfactory preference for the adult and egg stage of 
the fly, and the phoretic studies indicated that the mite has a negative effect on 
oviposition and perhaps to some extent longevity of the fly. 

The locations of the mites and flies in the top 5 cm of the manure cones suggests 
the mite may be an important controlling agent of F. canicularis on poultry ranches 
in San Diego County. On poultry ranches where the flies are in high population 
a staggered removal of manure cones may facilitate maintaining a high predatory 
mite population. Also chemical spot treating the manure cones and avoiding the 
high mite areas may help decrease fly populations (Axtell, 1985). 

The preference of the mite for the adult fly agrees with the results of a similar 
study on M. domestica (Jail and Rodriguez, 1970). Perhaps the phoretic attach¬ 
ment of the mite to the fly takes place when the manure is less attractive (e.g., 
dry) to the fly and losing its ability to support a high mite population. The mites 
would benefit by choosing an adult fly for transport to a new manure source, and 
hence, a food supply in the form of fly eggs. 

A single mite on F. canicularis reduced longevity and oviposition, but there 
still is speculation whether there is actual feeding by the mite on the fly. Jail and 
Rodriguez (1970) attempted to show that the mite feeds on the fly by weighing 
the fly after infestation with mites. They found that flies lost weight compared to 
a control, and attributed this weight loss to the mites sucking haemolymph from 
the fly. Further studies investigating actual feeding on the flies should test the 
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longevity of the mites on flies compared to mites alone, and changes in the water 
content of the mites. The relatively high number of mite infested flies that did 
not lay eggs suggests that mites may reduce little house fly populations in this 
manner. However, since my tests lasted only 24 hr, the oviposition experiment 
must be carried out over the total life cycle of the fly to determine if the mite can 
reduce the fly population by completely inhibiting oviposition. However, since 
ammonia vapor from manure causes the mites to drop from the flies (Pereira and 
de Castro, 1947), this may not work. 

These studies confirm the potential for the use of M. muscaedomesticae as a 
biological control agent of flies. They also show that M. muscaedomesticae has 
the potential to be an important part of integrated fly control of F. canicularis in 
San Diego County. 
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Donald G. Denning (1909-1988) 

Vincent H. Resh 

Division of Entomology and Parasitology, University of California, Berkeley, 
California 94720. 


Donald Gordon Denning, the leading authority on Trichoptera of the western 
United States, died on February 7, 1988. He was 78 years old. During his lifetime 
he published over 65 papers on caddisflies and described 339 different species. 

Don Denning was born on December 18, 1909 in Ely, Minnesota. His father 
was a teacher. As a young boy growing up in northern Minnesota, Don was an 
avid insect collector and reader; he kept these interests throughout his life. He 
attended Macalester College in St. Paul, Minnesota, a school that also presented 
him with an honorary Doctor of Science degree in 1954. He completed his B.S. 
in zoology there in 1932 and went on to the University of Minnesota, receiving 
his M.S. and Ph.D. in entomology in 1939 and 1942, respectively. Don did his 
research under the direction of Dr. C. E. Mickel. His research during this period 
was published in two papers that are still widely cited: “The Biology of some 
Minnesota Trichoptera” (1937) and “The Hydropsychidae of Minnesota” (1943). 

From 1936 to 1941, Don was an assistant to Dr. J. R. Parker and conducted 
research on the ecology and control of grasshoppers in Minnesota and North 
Dakota. Beginning in 1942, he joined the United States Public Health Service 
and was involved in mosquito control activities in the eastern and southern United 
States. He was commissioned as Lieutenant in the Public Health Service in early 
1943 and was promoted to Captain in 1945. He received an honorable discharge 
in 1946 and accepted a position as an Assistant Professor at the University of 
Wyoming. His official university responsibilities were to teach economic ento¬ 
mology and to conduct research on insects affecting livestock and forage crops, 
and on grasshoppers. Most of his publications during this period were on the 
taxonomy of Trichoptera. In 1951 Don left the University of Wyoming and 
joined Velsicol Corporation in California conducting research that led to the 
development of chlorinated hydrocarbon insecticides. From 1956 until his re¬ 
tirement he supervised field research for Chemagro Corporation in the western 
United States, Hawaii, and Mexico, and was actively involved in the development 
of organophosphate insecticides. During this entire period, he continued to publish 
extensively on caddisfly taxonomy. His chapter on Trichoptera in R. L. Usinger’s 
“Aquatic Insects of California” (1956) is still the standard reference for adult 
Trichoptera in the far-western United States. 

He was active in many societies, among them the California Academy of Sci¬ 
ences, The Entomological Societies of America, Canada, Washington, and Kansas, 
and the Pacific Coast Entomological Society. Among his many honors, he was 
president of the Pacific Coast Entomological Society (1972), a Fellow of the 
Entomological Society of America (1987), an Honorary member of the Northern 
California Entomology Club (1976), and a life member of the Bohart Museum at 
the University of California, Davis (1985). 
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In 1941, he married Loretta Hofacker and in 1943, their son, James Donald, 
was born. Loretta Denning was a reference librarian at the Hayward (California) 
Public Library and James is an active horticulturist in Berkeley. 

At a memorial service held for him in Berkeley on March 4, 1988, his friends 
and family reminisced about Don’s enjoyments: telling stories, entertaining friends 
at home, engaging in political discussions, and his lifelong loves of reading, col¬ 
lecting insects and stamps, and gardening. His colleagues spoke of his unending 
patience in identifying caddisflies, whether they were sent by colleagues, students, 
or amateur entomologists. 

Don’s publications on Trichoptera extended over hve decades and at the time 
of his death several other manuscripts were partially written. Considering that 
most of Don’s professional career was spent with the agricultural chemical in¬ 
dustry, his publications on Trichoptera truly represented his fascination for these 
insects, and his interest in communicating his knowledge about them to others. 

Don was extremely personable and he instinctively was drawn into close col¬ 
laboration and co-authored many of his publications with other scientists. Iron¬ 
ically, he never met several of these collaborators but it was obvious that his 
association with them was a joy in his professional life. 

The members of the scientific community that knew Don and his work express 
their condolences to James and Loretta Denning. I thank them and Helen Dra- 
gavon for providing information on Don’s life, and Paul Amaud, Oliver Flint, 
Eric McElravy, John Morse, and Glenn Wiggins for assistance in developing the 
bibliography and list of taxa described by Donald G. Denning. Paul Amaud, 
Donald Burdick, Vincent Lee, and Robert Schuster have arranged the transfer of 
his Trichoptera collection to the appropriate institutions. 


List of Publications by D. G. Denning 
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List of Names Proposed by Donald G. Denning 

Listed below are the 347 names (8 genera, 339 species) proposed by Donald 
G. Denning during his lifetime. The citation and type locality follow each name. 
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This list, which was compiled by E. P. McElravy and V. H. Resh, is complete as 
of January 1989. 


Genera 

Hydroptilidae 


Rioptila Blickle and Denning 

Blickle and Denning, 1977 


Desmona Denning 

Limnephilidae 

Denning, 1954b 


Moselyana Denning 

Denning, 1949b 


Rossiana Denning 

Denning, 1953 


Goeracea Denning 

Goeridae 

Denning, 1968a 


Goereilla Denning 

Denning, 1971 


Parthina Denning 

Odontoceridae 

Denning, 1954b 



Calamoceratidae 


Murielia Hogue and Denning 

Denning, Resh, and Hogue, 


Chimarra adella Denning 

1983 

Species 

Philopotamidae 

Denning, 1952 

Arizona 

Chirnarra alamosa Denning 

Denning, 1962b 

Mexico 

Chimarra barranca Denning 

Denning, 1962b 

Mexico 

Chimarra beamed Denning 

Denning, 1950a 

Texas 

Chimarrha betteni. Denning 

Denning, 1941b 

Mexico 

Chimarra butleri Denning 

Denning, 1962a 

California 

Chimarra donamariae Denning and Sykora Denning and Sykora, 1968 

Brazil 

Chimarra lara Denning 

Denning, 1971 

California 

Chimarra luquillo Denning 

Denning, 1947a 

Puerto Rico 

Chimarra moselyi Denning 

Denning, 1947e 

Georgia 

Chimarra primula Denning 

Denning, 1950a 

Arizona 

Chimarrha pylaea Denning 

Denning, 1941b 

Mexico 

Chimarrha ridleyi Denning 

Denning, 1941b 

Mexico 

Chimarra rizona Denning 

Denning, 1962b 

Mexico 

Chimarra siva Denning 

Denning, 1949c 

Montana 

Chimarra spicula Denning 

Denning, 1962b 

Mexico 

Chimarra stellula Denning 

Denning, 1962b 

Mexico 

Chimarra xesta Denning 

Denning, 1952 

Mexico 

Dolophilodes andora Denning 

Denning, 1989 

California 

Dolophilodes Columbia Denning 

Denning, 1989 

Washington 

Sortosa oregona Denning 

Denning, 1966 

Oregon 

Wormaldia arcopa Denning 

Denning and Sykora, 1966 

Panama 

Wormaldia hamata Denning 

Denning, 1951 

California 

Wormaldia lacerna Denning 

Denning, 1958a 

Washington 

Wormaldia laona Denning 

Denning, 1989 

California 

Wormaldia pachita Denning 

Denning, 1956a 

California 

Wormaldia thyria Denning 

Denning, 1950a 

North Carolina 

Psychomyiidae 

Austrotinodes amazonensis Flint and Den- Flint and Denning, 1989 

Brazil 

ning 

Austrotinodes ancylus Flint and Denning 

Flint and Denning, 1989 

Ecuador 

Austrotinodes ariasi Flint and Denning 

Flint and Denning, 1989 

Brazil 



102 


PAN-PACIFIC ENTOMOLOGIST 


Austrotinodes bracteatus Flint and Denning 

Flint and Denning, 1989 

Brazil 

Austrotinodes canoabo Flint and Denning 

Flint and Denning, 1989 

Venezuela 

Austrotinodes chihuahua Flint and Denning 

Flint and Denning, 1989 

Mexico 

Austrotinodes contubernalis Flint and Den- 

Flint and Denning, 1989 

Panama 

ning 

Austrotinodes fortunata Flint and Denning 

Flint and Denning, 1989 

Panama 

Austrotinodes freytagi Flint and Denning 

Flint and Denning, 1989 

Honduras 

Austrotinodes fuscomarginatus Flint and 

Flint and Denning, 1989 

Venezuela 

Denning 

Austrotinodes neblinensis Flint and Denning 

Flint and Denning, 1989 

Venezuela 

Austrotinodes nielseni Flint and Denning 

Flint and Denning, 1989 

Argentina 

Austrotinodes prolixus Flint and Denning 

Flint and Denning, 1989 

Brazil 

Austrotinodes tuxtlensis Flint and Denning 

Flint and Denning, 1989 

Mexico 

Tinodes belisa Denning 

Denning, 1950b 

Oregon 

Tinodes cascadia Denning 

Denning, 1956a 

Oregon 

Tinodes gabriella. Denning 

Denning, 1973 

California 

Tinodes parvula Denning 

Denning, 1950b 

California 

Tinodes powelli Denning 

Denning, 1964c 

Mexico 

Tinodes schusteri Denning 

Denning, 1982b 

California 

Tinodes siskiyou Denning 

Denning, 1951 

Oregon 

Tinodes twila Denning 

Denning, 1975b 

California 

Tinodes usilla Denning 

Denning, 1966 

California 

Polycentropodidae 


Neureclipsis timesis Denning 

Denning, 1948c 

Massachusetts 

Nyctiophylax celta Denning 

Denning, 1947e 

Georgia 

Nyctiophylax zelenus Denning 

Denning, 1950a 

Texas 

Pahamunaya jihmila Schmid and Denning 

Schmid and Denning, 1979 

Thailand 

Polycentropus ariensis Denning and Sykora 

Denning and Sykora, 1966 

Mexico 

Polycentropus bartolus Denning 

Denning, 1962b 

Mexico 

Polycentropus casicus Denning 

Denning and Sykora, 1966 

Mexico 

Polycentropus chellus Denning 

Denning, 1964a 

North Dakota 

Polycentropus doronca Denning and Sykora 

Denning and Sykora, 1966 

Mexico 

Polycentropus encera Denning and Sykora 

Denning, 1971 

Mexico 

Polycentropus gertschi Denning 

Denning, 1950a 

Arizona 

Polycentropus jenula Denning 

Denning and Sykora, 1966 

Alberta 

Polycentropus magnica Denning 

Denning, 1964a 

California 

Polycentropus smithae Denning 

Denning, 1949a 

New Hampshire 

Polycentropus thilus Denning 

Denning, 1962b 

Mexico 

Polycentropus vanachakuni Schmid and Den- 

Schmid and Denning, 1979 

India 

ning 

Polycentropus zaneta Denning 

Denning, 1947a 

Puerto Rico 

Pseudoneureclipsis saccheda Schmid and 

Schmid and Denning, 1979 

Thailand 

Denning 

Dipseudopsidae 


Dipseudopsis akhila, Schmid and Denning 

Schmid and Denning, 1979 

Thailand 

Dipseudopsis knappi Schmid and Denning 

Schmid and Denning, 1979 

Thailand 

Dipseudopsis petersorum Schmid and Den- 

Schmid and Denning, 1979 

Thailand 

ning 

Dipseudopsis thailandica Schmid and Den- 

Schmid and Denning, 1979 

Thailand 

ning 

Dipseudopsis ulmeri Schmid and Denning 

Schmid and Denning, 1979 

Thailand 

Hydropsychidae 


Cheumatopsyche ela Denning 

Denning, 1942 

North Carolina 

Cheumatopsyche gelita Denning 

Denning, 1952 

Arizona 

Cheumatopsyche geolca Denning 

Denning, 1952 

Nevada 
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Cheumatopsyche geora Denning 

Denning, 1948d 

Georgia 

Cheumatopsyche halima Denning 

Denning, 1948d 

Massachusetts 

Cheumatopsyche harwoodi Denning 

Denning, 1949a 

Tennessee 

Cheumatopsyche mickeli Denning 

Denning, 1942 

California 

Cheumatopsyche pinula Denning 

Denning, 1952 

Arizona 

Cheumatopsyche pitella Denning 

Denning, 1968a 

Mexico 

Cheumatopsycheprotera Denning 

Denning, 1947a 

Puerto Rico 

Cheumatopsyche virginica Denning 

Denning, 1949a 

Virginia 

Cheumatopsyche wabasha Denning 

Denning, 1947e 

Minnesota 

Diplectrona margarita Denning 

Denning, 1965a 

California 

Homoplectra luchia Denning 

Denning, 1966 

Oregon 

Homoplectra norada Denning 

Denning, 1975b 

California 

Homoplectra schuhi Denning 

Denning, 1965a 

Oregon 

Homoplectra shasta Denning 

Denning, 1949c 

California 

Homoplectra spora Denning 

Denning, 1952 

California 

Hydropsyche abella Denning 

Denning, 1952 

Oregon 

Hydropsyche alvata Denning 

Denning, 1949a 

Mississippi 

Hydropsyche andersoni Denning 

Denning, 1982b 

Oregon 

Hydropsyche bicornuta Denning 

Denning, 1965a 

Oregon 

Hydropsyche bidentata Denning 

Denning, 1947e 

South Carolina 

Hydropsyche cora Denning 

Denning, 1973 

California 

Hydropsyche dorata Denning 

Denning, 1982b 

Oregon 

Hydropsyche impula Denning 

Denning, 1948d 

Massachusetts 

Hydropsyche intrica Denning 

Denning, 1965a 

California 

Hydropsyche jewetti Denning 

Denning, 1965a 

Montana 

Hydropsyche racona Denning 

Denning, 1965a 

Wyoming 

Hydropsyche reiseni Denning 

Denning, 1975b 

Oklahoma 

Hydropsyche riola Denning 

Denning, 1942 

Minnesota 

Hydropsyche toschiae Denning 

Denning, 1965a 

Mexico 

Hydropsyche vanaca Denning 

Denning, 1965a 

New Mexico 

Hydropsyche winema Denning 

Denning, 1965a 

Oregon 

Parapsyche exlensa Denning 

Denning, 1949a 

California 

Parapsyche spinata Denning 

Denning, 1949c 

Oregon 

Smicridea sattleri Denning and Sykora 

Denning and Sykora, 1968 

Brazil 


Rhyacophilidae 


Atopsyche cordoba Denning 

Denning, 1968a 

Mexico 

Atopsyche hintoni Denning 

Denning, 1964c 

Mexico 

Atopsyche hispida Denning 

Denning, 1965c 

Mexico 

Atopsyche schmidi Denning 

Denning, 1965c 

Costa Rica 

Atopsyche sperryi Denning 

Denning, 1949b 

Arizona 

Atopsyche trifidus Denning 

Denning, 1948b 

Puerto Rico 

Atopsyche usingeri Denning 

Denning and Sykora, 1968 

Brazil 

Rhyacophila alexanderi Denning 

Denning, 1950b 

Montana 

Rhyacophila amabilis Denning 

Denning, 1965b 

California 

Rhyacophila arcella Denning 

Denning, 1975a 

California 

Rhyacophila ardala Denning 

Denning, 1965b 

California 

Rhyacophila arnaudi Denning 

Denning, 1948b 

Oregon 

Rhyacophila balosa Denning 

Denning, 1989 

California 

Rhyacophila carula Denning 

Denning, 1947a 

Puerto Rico 

Rhyacophila celina Denning 

Denning, 1954b 

Oregon 

Rhyacophila cerita Denning 

Denning, 1971 

California 

Rhyacophila chandleri Denning 

Denning, 1956a 

California 

Rhyacophila chilsia Denning 

Denning, 1950b 

Alberta 

Rhyacophila chordata Denning 

Denning, 1989 

California 

Rhyacophila ebna Denning 

Denning, 1949a 

Montana 

Rhyacophila glaciera Denning 

Denning, 1965c 

Montana 

Rhyacophila haddocki Denning 

Denning, 1968b 

Oregon 
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Rhyacophila hardeni Denning 

Denning, 1948b 

Georgia 

Rhyacophila inaequalis Denning and 

Schmid Denning and Schmid, 1971 

Thailand 

Rhyacophila jewetti Denning 

Denning, 1954b 

Oregon 

Rhyacophila karila Denning 

Denning, 1948b 

California 

Rhyacophila leechi Denning 

Denning, 1975a 

California 

Rhyacophila lineata Denning 

Denning, 1956a 

California 

Rhyacophila lurella Denning 

Denning, 1975a 

California 

Rhyacophila mirus Denning 

Denning, 1948a 

Wyoming 

Rhyacophila mosana Denning 

Denning, 1965c 

California 

Rhyacophila neograndis Denning 

Denning, 1948b 

California 

Rhyacophila newelli Denning 

Denning, 1971 

Montana 

Rhyacophila petersorum Schmid and 

Den- Denning and Schmid, 1971 

Thailand 

ning 

Rhyacophila pichaca Denning 

Denning, 1956a 

Oregon 

Rhyacophila potted Denning 

Denning and Schmid, 1971 

Idaho 

Rhyacophila reana Denning 

Denning and Schmid, 1971 

California 

Rhyacophila reyesi Denning 

Denning, 1989 

California 

Rhyacophila sequoia Denning 

Denning, 1950b 

California 

Rhyacophila sierra Denning 

Denning, 1968b 

California 

Rhyacophila Siskiyou Denning 

Denning, 1975a 

California 

Rhyacophila sonoma Denning 

Denning, 1948b 

California 

Rhyacophila spinata Denning 

Denning, 1965b 

California 

Rhyacophila tamalpaisi Denning 

Denning, 1975b 

California 

Rhyacophila tehama Denning 

Denning, 1975a 

California 

Rhyacophila unimaculata Denning 

Denning, 1941a 

British Columbia 

Rhyacophila velora Denning 

Denning, 1954b 

California 

Rhyacophila wallowa Denning 

Denning, 1956a 

Oregon 

Agapetus arcita Denning 

Glossosomatidae 

Denning, 1951 

California 

Agapetus bifidus Denning 

Denning, 1949c 

Oregon 

Agapetus cornuta Denning 

Denning, 1958a 

Washington 

Agapetus joannia Denning 

Denning, 1965c 

California 

Agapetus montanus Denning 

Denning, 1949a 

Montana 

Agapetus occidentis Denning 

Denning, 1949c 

Oregon 

Agapetus orosus Denning 

Denning, 1950b 

California 

Agapetus rossi Denning 

Denning, 1941a 

Minnesota 

Anagapetus aisha Denning 

Denning, 1964a 

California 

Anagapetus thirza Denning 

Denning, 1965c 

California 

Culoptila kimminsi Denning 

Denning, 1965c 

Arizona 

Culoptila moselyi Denning 

Denning, 1965c 

Arizona 

Eomystra unica Denning 

Denning, 1942 

Minnesota 

Glossosoma bruna Denning 

Denning, 1954b 

California 

Glossosoma califica Denning 

Denning, 1948b 

California 

Glossosoma mereca Denning 

Denning, 1948b 

California 

Glossosoma sequoia Denning 

Denning, 1973 

California 

Protoptila georgiana Denning 

Denning, 1947e 

Georgia 

Protoptila talola Denning 

Denning, 1947e 

Minnesota 

Hydroptila acoma Denning 

Hydroptilidae 

Denning, 1947c 

California 

Hydroptila callia Denning 

Denning, 1947d 

North Carolina 

Hydroptila dodgei Denning 

Denning, 1947b 

Georgia 

Hydroptila lenora Blickle and Denning Blickle and Denning, 1977 

Oregon 

Hydroptila pullatus Denning 

Denning, 1947d 

Wyoming 

Hydroptila valhalla Denning 

Denning, 1947c 

Minnesota 

Hydroptila wakulla Denning 

Denning, 1947b 

Florida 

Hydroptila wyomia Denning 

Denning, 1947d 

Wyoming 
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Mayatrichia moselyi Blickle and Denning 

Blickle and Denning, 1977 

Utah 

Metrichia volada Blickle and Denning 

Blickle and Denning, 1977 

Arizona 

Neotrichia ersitis Denning 

Denning, 1947d 

Saskatchewan 

Neotrichia halia Denning 

Denning, 1947d 

Wyoming 

Neotrichia panneus Denning 

Denning, 1947d 

Wyoming 

Neotrichia ranea Denning 

Denning, 1947b 

Florida 

Ochrotrichia alexanderi Denning and Blickle 

Denning and Blickle, 1972 

California 

Ochrotrichia alsea Denning and Blickle 

Denning and Blickle, 1972 

Oregon 

Ochrotrichia arizomca Denning and Blickle 

Denning and Blickle, 1972 

Arizona 

Ochrotrichia buccata Denning and Blickle 

Denning and Blickle, 1972 

California 

Ochrotrichia burdicki Denning 

Denning, 1989 

California 

Ochrotrichia chiapa Denning and Blickle 

Denning and Blickle, 1972 

Mexico 

Ochrotrichia hadria Denning and Blickle 

Denning and Blickle, 1972 

California 

Ochrotrichia honeyi Blickle and Denning 

Blickle and Denning, 1977 

California 

Ochrotrichia ildria Denning and Blickle 

Denning and Blickle, 1972 

Arizona 

Ochrotrichia lucia Denning and Blickle 

Denning and Blickle, 1972 

California 

Ochrotrichia nacora Denning and Blickle 

Denning and Blickle, 1972 

California 

Ochrotrichia potomus Denning 

Denning, 1947d 

Wyoming 

Ochrotrichia quadrispina Denning and Blickle 

Denning and Blickle, 1972 

Arizona 

Ochrotrichia rothi Denning and Blickle 

Denning and Blickle, 1972 

Arizona 

Ochrotrichia salaris Blickle and Denning 

Blickle and Denning, 1977 

California 

Ochrotrichia spinulata Denning and Blickle 

Denning and Blickle, 1972 

Arizona 

Ochrotrichia tenuata Blickle and Denning 

Blickle and Denning, 1977 

Oregon 

Ochrotrichia vertreesi Denning and Blickle 

Denning and Blickle, 1972 

Oregon 

Ochrotrichia zioni Denning and Blickle 

Denning and Blickle, 1972 

Utah 

Orthotrichia instabilis Denning 

Denning, 1948d 

Florida 

Oxyethira abacatia Denning 

Denning, 1947b 

Georgia 

Oxyethira cibola Denning 

Denning, 1947b 

Georgia 

Oxyethira florida Denning 

Denning, 1947 b 

Florida 

Oxyethira janella Denning 

Denning, 1948d 

Florida 

Oxyethira maya Denning 

Denning, 1947b 

Georgia 

Oxyethira obtatus Denning 

Denning, 1947c 

Minnesota 

Oxyethira setosa Denning 

Denning, 1947b 

Georgia 

Oxyethira walteri Denning 

Denning, 1947b 

Florida 

Rioptila arizonica Blickle and Denning 

Blickle and Denning, 1977 

Arizona 

Stactobiella martynovi Blickle and Denning 

Blickle and Denning, 1977 

Tennessee 

Brachycentridae 


Micrasema alexanderi Denning 

Denning, 1948c 

Wyoming 

Micrasema etra Denning 

Denning, 1948c 

Wyoming 

Micrasema oregoni Denning 

Denning, 1982b 

Oregon 

Lepidostomatidae 


Lepidostoma acarola Denning 

Denning, 1962a 

Arizona 

Lepidostoma alexanderi Denning 

Denning, 1962a 

Arizona 

Lepidostoma aporna Denning 

Denning, 1949c 

Utah 

Lepidostoma astanea Denning 

Denning, 1954a 

California 

Lepidostoma baxea Denning 

Denning, 1958a 

California 

Lepidostoma calensis Denning 

Denning, 1968b 

California 

Lepidostoma ciypta Denning 

Denning, 1964a 

California 

Lepidostoma errigena Denning 

Denning, 1954a 

California 

Lepidostoma fischeri Denning 

Denning, 1968b 

Oregon 

Lepidostoma goedeni Denning 

Denning, 1971 

Oregon 

Lepidostoma leechi Denning 

Denning, 1962a 

Mexico 

Lepidostoma hcola Denning 

Denning, 1975b 

California 

Lepidostoma mira Denning 

Denning, 1954a 

California 

Lepidostoma moneka Denning 

Denning, 1968b 

Arizona 

Lepidostoma querla Denning 

Denning, 1949c 

Arizona 

Lepidostoma recina Denning 

Denning, 1954a 

Oregon 
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Lepidostoma reosa Denning 


Denning, 1954a 

Massachusetts 

Lepidostoma rileyi Denning 


Denning, 1947e 

North Carolina 

Lepidostoma roemhildi Denning 


Denning, 1982b 

Montana 

Lepidostoma spicata Denning 


Denning, 1954a 

Idaho 

Lepidostoma veleda Denning 

Denning, 1948a 

Limnephilidae 

Wyoming 

Allomyia stylata Denning 


Denning, 1948c 

Wyoming 

Anabolia caroli Denning 


Denning, 1941a 

British Columbia 

Anabolia longicercus Denning 


Denning, 1941a 

Minnesota 

Anisogamus banksi Denning 


Denning, 1941a 

Idaho 

Chyranda parvula Denning 


Denning, 1948c 

Quebec 

Cryptochia califca Denning 


Denning, 1968a 

California 

Cryptochia excella Denning 


Denning, 1964a 

California 

Cryptochia furcata Denning 


Denning, 1953 

Montana 

Cryptochia neosa Denning 


Denning, 1954b 

Oregon 

Cryptochia shasta Denning 


Denning, 1975b 

California 

Desmona bethula Denning 


Denning, 1954b 

California 

Ecclisomyia bilera Denning 


Denning, 1951 

California 

Farida davisi Denning 


Denning, 1958b 

Oregon 

Farula geyseri Denning 


Denning, 1989 

California 

Farula honeyi Denning 


Denning, 1973 

California 

Farula jewetti Denning 


Denning, 1958b 

Oregon 

Farula petersoni Denning 


Denning, 1973 

California 

Farula wigginsi Denning 


Denning, 1982b 

California 

Grammotaulius lorettae Denning 


Denning, 1941c 

Colorado 

Homophylax acutus Denning 


Denning, 1964b 

Idaho 

Homophylax adriana Denning 


Denning, 1964b 

New Mexico 

Homophylax insulas Denning 


Denning, 1964b 

California 

Homophylax rentzi Denning 


Denning, 1964b 

California 

Imania chama Denning 


Denning, 1953 

Wyoming 

Limnephilus acrocurvus Denning 


Denning, 1942 

Minnesota 

Limnephilus alberta Denning 


Denning, 1958a 

Alberta 

Limnephilus alvatus Denning 


Denning, 1968a 

Alberta 

Limnephilus atercus Denning 


Denning, 1965b 

California 

Limnephilus batchawana Denning 


Denning, 1949b 

Ontario 

Limnephilus biparta Denning 


Denning and Sykora, 1966 

Mexico 

Limnephilus bucketti Denning 


Denning, 1965b 

California 

Limnephilus catula Denning 


Denning, 1965b 

California 

Limnephilus challisa Denning 


Denning, 1958a 

Idaho 

Limnephilus fautini Denning 


Denning, 1949a 

Wyoming 

Limnephilus gioia Denning 


Denning, 1948d 

Wyoming 

Limnephilus graniculata Denning 


Denning and Sykora, 1966 

Mexico 

Limnephilus kalama Denning 


Denning, 1968a 

Washington 

Limnephilus moselyi Kim mins and Denning 

Kimmins and Denning, 1951 

Greenland 

Limnephilus neoacula Denning 


Denning, 1965b 

California 

Limnephilus paonius Denning 


Denning, 1949c 

Iceland 

Limnephilus peltus Denning 


Denning, 1962a 

California 

Limnephilus rothi Denning 


Denning, 1966 

Arizona 

Limnephilus saltus Denning 


Denning, 1949b 

Wyoming 

Limnephilus selatus Denning 


Denning, 1966 

Utah 

Limnephilus sierrata Denning 


Denning, 1968a 

California 

Limnephilus sylviae Denning 


Denning, 1949b 

Oregon 

Limnephilus tulatus Denning 


Denning, 1962a 

Arizona 

Limnephilus utahensis Denning 


Denning, 1948a 

Utah 

Moselyana comosa Denning 


Denning, 1949b 

Oregon 

Neophylax nacatus Denning 


Denning, 1941a 

New Hampshire 

Neophvlax saloris Denning 


Denning, 1947e 

Georgia 
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Neophylax splendens Denning 

Denning, 1948c 

Wyoming 

Neothremma galena Denning 

Denning, 1949a 

Washington 

Neothremma genella Denning 

Denning, 1966 

California 

Neothremma Siskiyou Denning 

Denning, 1975b 

California 

Psychoglypha browni Denning 

Denning, 1970 

Oregon 

Psychoglypha klamathi Denning 

Denning, 1970 

California 

Psychoglypha leechi Denning 

Denning, 1970 

California 

Psychoglypha mazamae Denning 

Denning, 1970 

California 

Psychoglypha mono Denning 

Denning, 1970 

California 

Psychoglypha schuhi Denning 

Denning, 1970 

Nevada 

Psychoglypha smithi Denning 

Denning, 1970 

Idaho 

Radema chasica Denning 

Denning, 1954b 

Montana 

Radema comosa Denning 

Denning, 1949a 

Utah 

Radema tavala Denning 

Denning, 1953 

Oregon 

Rossiana montana Denning 

Denning, 1953 

Georidae 

Montana 

Goer a schmidi Denning 

Denning, 1982a 

Thailand 

Goeracea oregona Denning 

Denning, 1968a 

Oregon 

Goereilla baumanni Denning 

Denning, 1971 

Montana 

Odontoceridae 


Parthina linea Denning 

Denning, 1954b 

California 

Parthina vierra Denning 

Denning, 1973 

California 

Psilotreta hansoni Denning 

Denning, 1948c 

Massachusetts 

Helicopsychidae 


Helicopsyche lewalleni Denning and Blickle 

Denning and Blickle, 1979 

El Salvador 

Helicopsyche pietia Denning 

Denning, 1964c 

Mexico 

Helicopsyche rentzi Denning and Blickle 

Denning and Blickle, 1979 

Costa Rica 

Helicopsyche sinuata Denning and Blickle 

Denning and Blickle, 1979 

California 

Helicopsyche tapadas Denning 

Denning, 1966 

Mexico 

Helicopsyche temora Denning and Blickle 

Denning and Blickle, 1979 

Mexico 

Helicopsyche villegasi Denning and Blickle 

Denning and Blickle, 1979 

Mexico 

Calamoceratidae 


Murielia acutiterga Denning and Hogue 

Denning, Resh, and Hogue, 
1983 

Costa Rica 

Murielia fortuna Resh 

Denning, Resh, and Hogue, 
1983 

Panama 

Phylloicus elegans Hogue and Denning 

Denning, Resh, and Hogue, 
1983 

Panama 

Phylloicus hansoni Denning 

Denning, Resh, and Hogue, 
1983 

Trinidad 

Phylloicus priapulus Denning and Hogue 

Denning, Resh, and Hogue, 
1983 

Leptoceridae 

Costa Rica 

Athripsodes arielles Denning 

Denning, 1942 

Minnesota 

Athripsodes daggyi Denning 

Denning, 1947e 

Georgia 

Athripsodes pfadti Denning 

Denning, 1948a 

Wyoming 

Athripsodes vertreesi Denning 

Denning, 1966 

Oregon 

Leptocella aeolius Denning 

Denning, 1948a 

Wyoming 

Oecetis arizonica Denning 

Denning, 1951 

Arizona 

Oecetis elatus Denning and Sykora 

Denning and Sykora, 1966 

Mexico 

Oecetis falicia Denning 

Denning and Sykora, 1966 

Panama 

Oecetis pratelia Denning 

Denning, 1948c 

Florida 

Oecetis pratti Denning 

Denning, 1947a 

Puerto Rico 
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Studies of Neotropical Caddisflies, XLI: New Species and 
Records of Austrotinodes (Trichoptera: Psychomyiidae) 

Oliver S. Flint, Jr. and D. G. Denning 1 

(OSF) Department of Entomology, NHB 105, Smithsonian Institution, Wash¬ 
ington, D.C. 20560; (DGD) 2016 Donald Drive, Moraga, California 94556. 


Abstract. —Fourteen species are described in the Neotropical genus Austroti¬ 
nodes'. chihuahua (Mexico), contubernalis (Panama ),freytagi (Honduras, Belice), 
neblinensis (Venezuela), ancylus (Ecuador), tuxtlensis (Mexico), fortunata (Pan¬ 
ama), canoabo (Venezuela), fuscomarginatus (Venezuela), ariosi (Brazil), ama- 
zonensis (Brazil), bracteatus (Brazil), prolixus (Brazil), and nielseni (Argentina). 
Variations in the male genitalia are discussed for sedmani Flint, newly recorded 
for Costa Rica and Panama, and further records of panamensis Flint and para- 
guayensis Hint are presented. 


The genus Austrotinodes was established in 1955 by Schmid for two species, 
latior (type species) and angustior, both described from Chile. Since then nine 
species have been described from Chile and adjacent Argentina (Flint, 1969,1973, 
1983; Schmid, 1958, 1964), and two Chilean species of Navas, Tinodes lineata 
and T. talcana, have been transferred to the genus (Schmid, 1955). Both of the 
latter species were described from females, but Flint has studied the type of talcana 
and compared it to associated females of several regional species, discovering it 
agrees perfectly to those of latior, which species becomes a synonym of talcana. 
In 1973 Flint reviewed the known species of the genus, describing the first three 
species from outside the Chilean Subregion, the larvae and pupae, and placing 
the genus in the subfamily Ecnomiinae (many workers regard this taxon as a 
distinct family). A single species was described from Paraguay (Flint, 1983), but 
material in our collections indicate that the genus is actually widespread, but 
generally infrequently encountered, throughout the Neotropical Region north into 
the southwestern United States and the islands of Cuba and Hispaniola. Those 
herein described increase the number of named species in the genus to 31. In 
1983 Waltz and McCafferty recorded a larva of the genus from central Texas, the 
first record from the United States. 

In this paper we are describing new species from Mexico, Belice, Honduras, 
Panama, Venezuela, Ecuador, Brazil, and Argentina as well as discussing the 
variation in the male genitalia of A. sedmani and presenting distributional data 
for others. In order to aid other workers, we are presenting a list of the species 
known in Austrotinodes, and their known distributions (new country records are 
presented in capital letters). 


1 Dr. D. G. Denning died suddenly on 7 February 1988 while this paper was in its final editing 
stage. 
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Austrotinodes amazonensis Hint and Denning, n. sp.—BRAZIL. 

Austrotinodes ancylus Flint and Denning, n. sp.—ECUADOR. 

Austrotinodes angustior Schmid, 1955—ARGENTINA, Chile. 

Austrotinodes ariasi Flint and Denning, n. sp.—BRAZIL. 

Austrotinodes armiger Flint, 1983—ARGENTINA, Chile. 

Austrotinodes bracteatus Flint and Denning, n. sp.—BRAZIL. 

Austrotinodes brevis Schmid, 1955—Chile. 

Austrotinodes canoabo Flint and Denning, n. sp.—VENEZUELA. 

Austrotinodes cekalovici Flint, 1969—Chile. 

Austrotinodes chihuahua Hint and Denning, n. sp.—MEXICO. 

Austrotinodes contubernalis Flint and Denning, n. sp.—PANAMA. 

Austrotinodes cubanus Kumanski, 1987—Cuba. 

Austrotinodes fortunata Flint and Denning, n. sp.—PANAMA. 

Austrotinodes freytagi Flint and Denning, n. sp.—BELICE, HONDURAS. 
Austrotinodes fuscomarginatus Flint and Denning, n. sp.—VENEZUELA. 
Austrotinodes irwini Flint, 1973—Chile. 

Austrotinodes lineatus (Navas), 1934—Chile. 

Austrotinodes mexicanus Flint, 1973—Mexico. 

Austrotinodes neblinensis Flint and Denning, n. sp.—VENEZUELA. 
Austrotinodes nielseni Flint and Denning, n. sp.—ARGENTINA. 

Austrotinodes panarnensis Flint, 1973—Panama. 

Austrotinodes paraguayensis Flint, 1983—BRAZIL, Paraguay. 

Austrotinodes picada Flint, 1983—Chile. 

Austrotinodes prolixa Flint and Denning, n. sp.—BRAZIL. 

Austrotinodes quadrispina Schmid, 1958—Chile. 

Austrotinodes recta Schmid, 1964—ARGENTINA, Chile. 

Austrotinodes recurvatus Flint, 1983 —Chile. 

Austrotinodes sedmani Flint, 1973—COSTA RICA, Guatemala, PANAMA. 
Austrotinodes talcana (Navas), 1934—Chile. 

(A. latior Schmid, 1955, new synonym.) 

Austrotinodes triangularis Schmid, 1958—Chile. 

Austrotinodes tuxllensis Flint and Denning, n. sp.—MEXICO. 

Austrotinodes sp., Waltz and McCafferty, 1983—Texas (larva). 

Austrotinodes sp., Kumanski, 1987—Dominican Republic (female). 

Acronyms used in the text to indicate depositories of specimens are as follows: 
CAS (California Academy of Sciences, San Francisco, CA), DGD (D. G. Denning 
collection, Moraga, CA), IZAM (Instituto Zoologia Agricola, UCV, Maracay, 
Venezuela), MZUSP (Museu Zoologico, Universidade Sao Paulo, Brazil), NMNH 
(National Museum of Natural History, Smithsonian Institution, Washington, DC), 
UCD (University of California, Davis, CA), UPP (Fairchild Museo de Inverte- 
brados, University of Panama, Panama), ZMC (Zoologisk Museum, Copenhagen, 
Denmark). 

Austrotinodes chihuahua , New Species 
(Figs. 1-3) 

This species is near A. sedmani Flint. Differences are in the contour of the 
preanals, the short intermediate appendages, the shape of sternum 9, the clasper 
and the phallus. 
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Adult.— Length of forewing 5.5 mm. Wings in alcohol concolorous fulvous, 
antennae ochraceous, legs fuscous. Male genitalia: Segment 9 divided laterally 
and appearing as a well-developed appendage, from ventral aspect posterior mar¬ 
gin arcuate. Tergum 10 pigmentation light brown, dorsal margin convex; from 
dorsal aspect, posterior margin with deep incision. Preanal appendage elongated 
to subacute apex, surface scabrous with abundant setae. Intermediate appendage 
from dorsal view with three acute spines near apex. Phallic guide black, slightly 
curved, apex acute. Claspers fused, coalesced to sternum 9, the elongated leaf-like 
lobe a bearing a few marginal spines, lobe b directed caudad. Phallus from lateral 
view with a small ventral process directed caudad from near base; with a slender 
lateral process terminating in a dark spine. 

Type.—Holotype male : Mexico. Cuiteco, Chihuahua State, 1 Aug. 1969, T. A. 
Sears, R. C. Gardner, C. H. Glaser (DGD, to be deposited in UCD). 

Austrotinodes freytagi, New Species 
(Figs. 4-6) 

Austrotinodes sedmani Flint, 1973:140 (in part, paratype from Belice). 

Related to A. sedmani Flint. Diagnostic differences are in the subacute apex of 
the preanals, the short intermediate appendage with two short spines apically, the 
contour of sternum 9 and the claspers. The phallus with a wide basal and narrow 
apical portion is also diagnostic. 

Adult. — Length of forewing 4.5 mm. General color in alcohol fulvous, antennae 
ochraceous. Male genitalia: Ninth segment divided laterally with sternum glabrous 
from ventral aspect. Tergum 10 opaque, from dorsal view, posterior margin 
emarginate. Preanal appendage tapering gradually to subacute apex, dorsal margin 
serrate. Intermediate appendage tubular, semimembranous, spine at apex and 
second spine subapical. Phallic guide arched, black, apex obtuse but acute from 
ventral aspect. Claspers fused and coalesced to sternum 9 and consist of lobe a 
lightly pigmented, elongated, best seen from ventrolateral view, b quadrate, lightly 
pigmented except black margins, setae abundant. Phallus base wide, apical portion 
slender; with a slender lateral process whose apex bears long, slender spine. 

Types.—Holotype male: Honduras. El Zamorano, October-November, 1970, 
G. F. Freytag (DGD, to be deposited in CAS). Paratype: Belice. Cayo District, 
Mountain Pine Ridge, 27 June 1971, G. Stacell, 1 <5 (NMNH). 

Austrotinodes sedmani Flint 
(Figs. 7-9) 

Austrotinodes sedmani Flint, 1973:140. 

Austrotinodes undescribed sp. “A”, McElravy et al., 1981:152; 1982:307. 

The collection of this species in 3 additional sites extends the known range from 
coastal Guatemala to the mountains of southern Costa Rica and adjacent Panama. 
The new collections also provide information on the variability of the species and 
have convinced us that the paratype from Belice is not conspecific (it is described 
as freytagi). The genitalia of specimens from no two sites are absolutely identical, 
nor does there appear to be any pattern in the variations. The intermediate 
appendages vary in the position and degree of the subapical angle, whether the 
apical portion is enlarged, and the number and placement of the apical setae, as 



VOLUME 65, NUMBER 2 


111 



Figures 1-9. Austrotinodes males. 1-3. chihuahua. 1. Genitalia, lateral. 2. Same, dorsal, inter¬ 
mediate appendage enlarged to side. 3. Claspers, phallic guide and ninth sternum, ventral. 4-6. freytagi. 
4. Genitalia, lateral. 5. Same, dorsal. 6. Claspers, phallic guide and ninth sternum, ventral. 7-9. 
sedmani, variant from Las Cruces, Costa Rica. 7. Genitalia, lateral. 8. Same, dorsal, apex of lateral 
processes of phallus enlarged. 9. Claspers, phallic guide and ninth sternum, ventral. 
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well as the depth of the apical emargination. The lateral phallic processes are 
more uniform, especially its apical and subapical spines, but the basal spine may 
be on a short process or nearly sessile. The claspers are also quite uniform in 
structure, however the two northern examples have a slight mesal emargination 
in ventral aspect, while the southern examples are squarely truncate. 

Material examined .—Costa Rica. Pcia. Puntarenas, Rio Jaba at rock quarry, 
1.4 air km W Las Cruces (8.79°N, 82.97°W), 1150 m, 14 June 1986, Holzenthal 
et al., 1 5 (NMNH); Las Cruces, 20 July 1977, Evan A. Sugden, 1 <3 (UCD). 
Panama. Pcia. Chiriqui, Fortuna Dam Site (8°44'N, 82°16'W), 8-14 Dec. 1976, 
H. Wolda, 1 5 (NMNH); same, but 31 Aug.-6 Sept. 1977, 1 6 (NMNH); same, 
but 5-11 Oct. 1977, 1 5 (UPP); same, but 23-29 Nov. 1977, 1 5 (NMNH). 

Austrotinodes panamensis Flint 

Austrotinodes panamensis Flint, 1973:138. 

Light traps run by H. Wolda on Barro Colorado Island, Canal Zone, Panama 
consistently collected examples of this species. Some trap collections are from the 
canopy, others are at near ground level, and all were made during the period 
starting near the middle of 1977 to early 1979. A total of 60 males and 29 females 
were taken during this period. Of these, 38% were taken in traps at ground level, 
29% in the canopy, and 36% were unspecified as to level. Emergence occurred 
throughout the year, with no apparent seasonal concentration. 

Material examined. —Panama. Panama Province, Barro Colorado Island, 23 
July 1977 to 21 Jan. 1979, H. Wolda, 60 6, 29 2 (DGD, UCD, NMNH, UPP). 


Austrotinodes neblinensis f New Species 
(Figs. 10-12) 

This distinctive species is closely related to ancylns, from which it is easily 
distinguished by the shape and spination of the intermediate appendage, the more 
deeply divided clasper in lateral aspect, and the absence of the short, seta-tipped, 
basodorsal process of the phallus. 

Adidt. —Length of forewing 3.5-5 mm. Color pale grey, antennae ochraceous; 
forewings grey, with a few darker spots, costal cell fuscous. Male genitalia: Segment 
9 deeply divided, sternum elongated, apical margin in ventral aspect convex. 
Preanal appendage long, tapering apicad, apex rounded, surface setose, margins 
crenulate. Intermediate appendage slender, elongate, flattened, tip bearing 3 slight¬ 
ly enlarged spines. Phallic guide slightly arched above base of claspers. Claspers 
reduced, fused mesally; lobe a narrow, semierect, well differentiated from b, which 
is produced posteriad and slightly darkened, in ventral aspect, produced mesad. 
Phallus with a sclerotized base and an apical membranous region beneath which 
is a slender, dark sclerite; bearing a very slender lateral process ending in a single, 
greatly enlarged seta. 

Types.— Holotype male: Venezuela. Amazonas Federal Territory, Cerro de la 
Neblina, Basecamp (0°51'N, 66°10'W), Malaise Trap over small stream at east 
side of basecamp, 140 m, 13-15 Mar. 1984, O. S. Flint, Jr. & J. A. Louton 
(NMNH). Paratypes: Same data, 3 6, 1 2 (NMNH, IZAM). 
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Figures 10-18. Austrotinodes males. 10-12. neblinensis. 10. Genitalia, lateral. 11. Claspers, phallic 
guide and ninth sternum, ventral. 12. Genitalia, dorsal. 13-15. ancylus. 13. Genitalia, dorsal. 14. 
Same, lateral. 15. Claspers, phallic guide and ninth sternum, ventral. 16-18. tuxtlensis. 16. Genitalia, 
lateral. 17. Claspers, phallic guide and ninth sternum, ventral. 18. Genitalia, dorsal. Abbreviations: 
a and b—lobes a and b of the clasper, Int—intermediate appendage, LP—lateral process of phallus, 
PG—phallic guide, Ph—phallus, Pr—preanal appendage, IXs—ninth sternum, Xt—tenth tergite. 
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Austrotinodes ancylus, New Species 
(Figs. 13-15) 

This distinctive species is closely related to neblinensis. In ancylus, the clasper 
is less deeply divided in lateral aspect, the phallic guide is differently formed in 
ventral aspect, and the phallus bears a short, seta-tipped, basodorsal process. 

Adult.— Length of forewing 4.5 mm. Color in alcohol, uniformly brown. Male 
genitalia: Segment 9 deeply divided, with sternum elongated, apical margin in 
ventral aspect convex. Preanal appendage long, tapering apicad, apex rounded, 
surface setose, margins crenulate. Intermediate appendage slender, elongate, apex 
bearing 3 enlarged spines. Phallic guide strongly arched over base of claspers. 
Claspers reduced, fused mesally; lobe a narrow, produced posterodorsally, lobe 
b receding, slightly darkened, in ventral aspect indented mesally. Phallus with a 
sclerotized base and an apical membranous region; bearing a slender lateral process 
ending in a single, very long seta; with a short basal process tipped with an enlarged 
seta. 

Type. —Holotype male: Ecuador. Pastaza Province, Tzapino (32 km NE Tigueno 
at 1°1TS, 77°14'W), 400 m, 25 May 1976, J. Cohen (NMNH). 

Austrotinodes tuxtlensis, New Species 
(Figs. 16-18) 

This species is probably most closely related to mexicanus Flint, from which 
tuxtlensis is distinguished by the claspers whose lobe a is not produced dorsad 
and has a distinct apicomesal excision in ventral aspect. The basodorsal process 
of the phallus in mexicanus is as long as lateral process, but it is much shorter in 
tuxtlensis. 

Adult. — Length of forewing 4 mm. Color grey, antennae ochraceous; forewings 
grey, with a few darker spots, costal cell dark brown. Male genitalia: Segment 9 
deeply divided, with sternum elongated, apical margin in ventral aspect convex. 
Preanal appendage long, tapering apicad, apex rounded, surface setose, margins 
crenulate. Intermediate appendage slender, elongate, apex bearing two enlarged 
spines. Phallic guide arched over base of claspers. Claspers reduced and fused 
mesally; lobe a only slightly elevated, in ventral aspect b darkened centrally, with 
a strong mesal emargination. Phallus with a sclerotized base (apical membranous 
region is lost), bearing a slender lateral process with a single, enlarged seta apicad; 
basodorsal process short, bearing a small spine. 

Type. —Holotype male: Mexico. Veracruz State, Los Tuxtlas area, seeps at “Las 
Cabanas,” 8-15 May 1981, C. M. & O. S. Hint, Jr. (NMNH). 

Austrotinodes fortunata, New Species 
(Figs. 19-21) 

Austrotinodes undescribed sp. “B”, McElravy et al., 1981:152; 1982:307. 

This species, contubernalis and canoabo are related, based on the formation of 
the intermediate appendages, claspers and lateral processes of the phallus. Lobe 
b of the claspers is produced posteriad in ventral aspect in this species, but not 
in the two others. The shape and setation of the intermediate appendages also 
differs between the three species. 

Adult.— Length of forewing 4.5-5 mm. Color in alcohol, pale brown, immac- 
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Figures 19-27. Austrotinodes males. 19-21. fortunata. 19. Genitalia, lateral. 20. Claspers, phallic 
guide and ninth sternum, ventral. 21. Genitalia, dorsal. 22-24. canoabo. 22. Genitalia, dorsal. 23. 
Same, lateral. 24. Claspers, phallic guide and ninth sternum, ventral. 25-27. contubernalis. 25. Gen¬ 
italia, lateral. 26. Claspers, phallic guide and ninth sternum, ventral. 27. Genitalia, dorsal. 


ulate. Male genitalia: Segment 9 deeply divided, sternum elongated, apical margin 
in ventral aspect convex. Preanal appendage long, curved slightly dorsad and 
tapering apicad, apex rounded, surface setose, margins crenulated. Intermediate 
appendage of irregular outline, bearing 4 enlarged, fimbriate spines: one ventrally 
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at third of length of process, second ventrally at two-thirds length, third subapi- 
cally, fourth at apex. Phallic guide slightly arched over base of claspers, tapering 
to a small, ventrally directed apex. Claspers reduced and fused mesally; lobe a 
small, obscure in lateral aspect, but distinct in ventral view, lobe b produced 
posteriad, darkened with dorsal margin serrate and apex produced into a small 
tooth. Phallus with a sclerotized base and an apical membranous region beneath 
which is a slender, dark sclerite; bearing a thin lateral process, subbasally enlarged 
and bearing two small spines, and ending in a single, greatly enlarged seta; the 
short basodorsal process bearing a large apical spine. 

Types. —Holotype male: Panama. Chiriqui Province, Fortuna Dam Site (8°44'N, 
82°16'W), 14-20 Sept. 1977, H. Wolda (NMNH). Paratype: Same, but 13-19 
Apr. 1977, 1 <$ (NMNH). 

Austrotinodes canoabo, New Species 
(Figs. 22-24) 

As mentioned for fortunata, this species and contubernalis are related. The 
virtually identical contour of the claspers when viewed from ventral aspect would 
seem to indicate the closest relationship is to contubernalis. The most distinctive 
characteristic of canoabo is the deeply forked intermediate appendage which is 
not forked in contubernalis. 

Male. —Length of forewing 4 mm. Color grey, antennae ochraceous; forewing 
light grey, with scattered dark spots, costal margin mostly dark grey. Male genitalia: 
Segment 9 deeply divided, sternum elongated, apical margin in ventral aspect 
evenly convex. Preanal appendage long, parallel-sided, apex rounded, surface 
setose, margins crenulated. Intermediate appendage long, divided apicad into 
dorsal branch ending in 2 enlarged setae, and ventral branch ending in 1 long 
seta. Phallic guide very long, slender, nearly straight reaching apex of clasper lobe 
b. Claspers reduced and fused mesally; lacking lobe a, tip of b slightly produced 
in lateral aspect, in ventral aspect evenly convex with mesal portion blackened. 
Phallus with a sclerotized base, apically an elongate membranous lobe beneath 
which a dark, slender, tongue-like sclerite; with an elongate, slender process laterad 
ending in an enlarged, decurved seta, and a short, seta-tipped process basomesad. 

Type.—Holotype male: Venezuela. Carabobo State, near Canoabo, 850 m, 24 
Jan. 1983, O. S. Hint, Jr. (NMNH). 

Austrotinodes contubernalis, New Species 
(Figs. 25-27) 

Austrotinodes undescribed sp. “B”, McElravy et al. 1981:152; 1982:307 (in part, 

male of 28 Dec, 1977-3 Jan. 1978). 

The claspers are similar to canoabo in ventral aspect where both species appear 
almost identical. In lateral aspect they differ in lobe b of the clasper which is much 
shorter in contubernalis. There are also differences in the intermediate appendages, 
phallic guide, and lateral processes of the phallus. 

Adult. — Length of forewing 4.5 mm. Color in alcohol, fulvous. Male genitalia: 
Segment 9 deeply divided, with sternum elongated, apical margin in ventral aspect 
evenly convex. Preanal appendage long, slightly widened subapically, apex round- 
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ed, surface with abundant setae, margins crenulated. Intermediate appendage long, 
broad at midlength, tapering apicad, with a seta middorsally, 2 apically, and 
another midventrally. Phallic guide gently curved, reaching tip of clasper lobe b. 
Claspers reduced, fused mesally; lobe a narrow, produced laterad, apex of b slightly 
produced in lateral aspect; in ventral aspect convex with central portion blackened 
and slightly indented. Phallus with a sclerotized base, apically an elongate mem¬ 
branous lobe beneath which is a dark, slender, tongue-like sclerite whose apex is 
hooked ventrad; with an elongate, lateral process curved upwardly, with a seta 
basoventrad and ending in an enlarged seta; a short, seta-tipped process baso- 
mesad. 

Type. —Holotype male: Panama. Chiriqui Province, Fortuna Dam Site (8°44'N, 
82°16'W), 28 Dec. 1977-3 Jan. 1978, H. Wolda (NMNH). 

Austrotinodes fuscomarginatus , New Species 

(Figs. 28-30) 

This species is similar to paraguayensis, from which it is distinguished by the 
shape and spination of the basomesal process of the preanal appendage, and the 
outline of lobe a of the claspers. 

Adult— Length of forewing 4-5 mm. Color grey, antennae ochraceous; fore¬ 
wings grey, with a few darker spots, costal cell fuscous. Male genitalia: Segment 
9 deeply divided, with sternum elongated, produced apicodorsally into a broad 
lobe, apical margin in ventral aspect strongly convex. Preanal appendage long, 
almost parallel-sided, apex rounded, surface setose, margins crenulate. Interme¬ 
diate appendage long, slightly enlarged apicad, bearing 4 prominent spines. Phallic 
guide attains apex of clasper lobe b. Claspers reduced, fused mesally; lobe a slightly 
elevated, with lobe b distinctly produced, angled dorsad, in ventral aspect darkened 
centrally, and produced posteriad. Phallus with a sclerotized base and an apical 
membranous lobe beneath which is a slender, black sclerite; bearing a long, slender, 
lateral process with a single, enlarged seta subapically; basomesal processes short, 
with a long apical seta. 

Types.—Holotype male: Venezuela. Amazonas Federal Territory, Cerro de la 
Neblina, Camp IV (0°58'N, 65°57'W), 760 m, 15-18 Mar. 1984, O. S. Flint, Jr. 
(NMNH). Paratypes: Same data, 3 9; same, but Malaise Trap over dry stream 
channel, 6 9 (NMNH, IZAM). 

Austrotinodes paraguayensis Flint 

Austrotinodes paraguayensis Flint, 1983:22. 

This species, recently described from Paraguay, is now recorded from central 
Brazil. The Brazilian specimen agrees with the type in detail except the brazilian 
example has a much longer dark sclerite ventrally on the phallus and its phallic 
guide is almost truncate apically. Figure 61 (Hint, 1983) is incorrect in that it 
shows a single lateral process of the phallus bearing a subapical seta on each side. 
There are, as in all other species, 2 processes in paraguayensis, each with a single 
lateral seta. The process in figure 61 should have been divided down the midline. 

Material examined. — Brazil. Minas Gerais State, Serra do Cipo, Rio Capivara, 
29 Apr. 1973, C. G. Froehlich (212), 1 6 (MZUSP). 
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Figures 28-36. Austrotinod.es males. 28-30 . fuscomarginatus. 28. Genitalia, lateral. 29. Claspers, 
phallic guide and ninth sternum, ventral. 30. Genitalia, dorsal. 31-33. ariosi. 31. Genitalia, dorsal. 
32. Claspers, phallic guide and ninth sternum, ventral. 33. Genitalia, lateral. 34-36. amazonensis. 34. 
Genitalia, lateral. 35. Claspers, phallic guide and ninth sternum, ventral. 36. Genitalia, dorsal. 


Austrotinodes ariasi, New Species 
(Figs. 31-33) 

This species is related to amazonensis, from which it is distinguished by the 
different form of the intermediate appendages, and especially by the phallic guide 
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which in ventral aspect is only slightly indented apically rather than deeply di¬ 
vided. 

Adult.— Length of forewing 4 mm. Color in alcohol, uniformly pale brown, 
costal margin of forewing appearing darker. Male genitalia: Segment 9 deeply 
divided, with sternum elongated, apical margin in ventral aspect convex. Preanal 
appendage long, apex rounded, surface setose, margins crenulate. Intermediate 
appendage long, angled and sinuate, with a seta-tipped ventral process, apex with 
3 enlarged spines, in dorsal aspect with a distinct midlength enlargement. Phallic 
guide slightly arched, in ventral aspect widened and slightly emarginate apically. 
Claspers reduced and fused mesally; lobe a slightly elevated, with lobe b short 
and truncate, in ventral aspect with posterior margin only slightly sinuate. Phallus 
with a sclerotized base and an apical membranous lobe, beneath which is a slender 
dark sclerite; lateral process long, slender, with a single, enlarged seta apically; 
basomesal processes short, with two enlarged spines, one apically the other ven- 
trally and subapically. 

Type. —Holotype male: Brazil. Amazonas State, Reserve Ducke, Hwy. Am. 010, 
km 26, 31 May 1979, J. Arias, light trap 20 m high (MZUSP). 

Austrotinodes amazonensis, New Species 
(Figs. 34-36) 

This species is closely related to the preceding species, ariasi, from which it is 
distinguished by the different shape and spination of the intermediate appendage, 
the projections from the posterior margin of the claspers, and the deeply divided 
apex of the phallic guide. 

Adult. — Length of forewing 4 mm. Color grey, antennae ochraceous; forewings 
grey mostly denuded, costal cell darker. Male genitalia: Segment 9 deeply divided, 
with sternum elongated, apical margin in ventral aspect strongly convex. Preanal 
appendage long, apex rounded, surface setose, margins crenulate. Intermediate 
appendage long, sinuate, with a seta-tipped ventral process, apex with 3 enlarged 
spines (in paratype these spines on very elongate bases). Phallic guide slightly 
arched, in ventral aspect deeply divided apically. Claspers reduced and fused 
mesally; lobe a slightly elevated, with lobe b distinctly produced, in ventral aspect 
with posterior margin produced into 2 sharp angles. Phallus with sclerotized base 
and an apical membranous lobe, beneath which is slender dark sclerite; lateral 
process long, slender, with a single, enlarged seta apically; basomesal process, 
short, with two enlarged apical spines. 

Types.—Holotype male: Brazil. Amazonas State, Hwy. Am. 010, km 246, 20 
km W Itacoatiara, 15-16 July 1979, J. Arias et al. (MZUSP). Paratypes: Same 
data, 3 2 (MZUSP, NMNH); same, but 12-15 July 1979, 1 3 (NMNH). 

Austrotinodes bracteatus, New Species 
(Figs. 37-39) 

This, and the following species, prolixus, are unusual species with little resem¬ 
blance to others in the genus. The structure of the basolateral phallic plates of 
both species present diagnostic differences; in bracteatus the plate is short, while 
in prolixus the apical spine is borne on a long, slender process. Other differences 
between the two species are in the intermediate appendages, in the phallic guides 
and claspers. 
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Adult. — Length of forewing 5 mm. Color in alcohol, brown, forewing a bit darker 
in costal cell. Male genitalia: Segment 9 deeply divided, with sternum elongated, 
apical margin in ventral aspect convex. Preanal appendage long, tapering apicad, 
apex rounded, surface setose, margins crenulate. Intermediate appendage slender, 
elongate, bearing 4 enlarged spines apicad. Phallic guide short, attaining base of 
claspers, in ventral aspect with apex flared. Claspers reduced and fused mesally; 
lobe a small, almost quadrate in lateral aspect, lobe b receding, slightly darkened, 
in ventral aspect posterior margin almost straight. Phallus with a sclerotized base 
and a very short apical membranous region; bearing a broad, strongly sclerotized 
basolateral plate bearing 4 long spines along its ventral and apical margins. 

Type.—Holotype male: Brazil. Sao Paulo State, Paranapiacaba Biological Sta¬ 
tion, 13 Dec. 1963, C. G. Froehlich (39) (MZUSP). 

Austrotinodes prolixus, New Species 
(Figs. 40-42) 

This species is closely related to bracteatus. It is easily differentiated by the 
structures of the basolateral plate of the phallus, intermediate appendage, phallic 
guide and claspers. 

Adult. —Length of forewing 4.5-5 mm. Color in alcohol, uniformly brown. Male 
genitalia: Segment 9 deeply divided, with sternum elongated, apical margin in 
ventral aspect slightly convex. Preanal appendage long, tapering apicad, apex 
rounded, surface setose, margins crenulate. Intermediate appendage, broad ba- 
sally, apicoventral angle bearing a short, broad seta, apex slender, bearing an 
enlarged spine. Phallic guide short, angled basally, attaining base of claspers, in 
ventral aspect with apex flared. Claspers reduced and fused mesally; lobe a small, 
almost rectangular in lateral aspect, lobe b receding, slightly darkened, in ventral 
aspect posterior margin almost straight with a mesal emargination. Phallus with 
a sclerotized base and a very short apical membranous region; bearing a strongly 
sclerotized basolateral plate, widened basad, slender and elongate apically, bearing 
2 enlarged and 1 slender spine (lacking in some examples) along its basoventral 
margin and 1 large spine apically. 

Types. —Holotype male: Brazil. Minas Gerais State, Chapeau de Sol, km 110, 
Serra du Cipo, 21 Dec. 1974, C. G. Froehlich (413) (MZUSP). Paratypes: Same, 
but Caminho da Usina, 7 July 1974 (356), 1 6 (NMNH); same, but km 126, 17 
Dec, 1974 (406), 1 6 (MZUSP); same, but 17 Apr. 1975 (417), 2 3 (MZUSP, 
NMNH). 


Austrotinodes nielseni, New Species 
(Figs. 43-45) 

This species is very similar to angustior Schmid and armiger Flint. From both 
it is distinguished by the intermediate appendage which makes a deep curve basally 
from its origin; in the above mentioned species the anterior margin of the preanal 
appendage is vertical and the process is immediately curved posteriad. The clasp¬ 
ers of nielseni differ from the others in not having lobe a extending further pos¬ 
teriad than lobe b. There are also differences in the proportional lengths and 
widths of the preanal appendages and their internal shelves between all species. 

Adult. —Length of forewing 5.5 mm. Color in alcohol, uniformly dark brown. 
Male genitalia: Ninth segment deeply divided laterally, ventral section prolonged 
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Figures 37-45. Anstrotinodes males. 37-39. bracteatus. 37. Genitalia, lateral. 38. Same, dorsal. 39. 
Claspers, phallic guide and ninth sternum, ventral. 40-42. prolixus . 40. Genitalia, dorsal. 41. Same, 
lateral. 42. Gaspers, phallic guide and ninth sternum, ventral. 43-45. nielseni. 43. Genitalia, lateral. 
44. Gaspers, phallic guide and ninth sternum, ventral. 45. Genitalia, dorsal. 


posteriad. Preanal appendage long, tapering regularly from base to apex, mesal 
surface apically with a short, dark, shelf-like lobe; bearing a slender basolateral 
process whose base makes a large loop directed anteriad before curving posteriad 
and bearing a large apical seta. Intermediate appendage slender, curved, apex with 
scattered enlarged setae. Phallic guide long, slender, apex slightly hooked ventrad, 
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in ventral aspect sharply widened. Claspers fused mesally, darkened apicomesally; 
lobe a thin, not produced posteriad beyond lobe b in ventral aspect. Phallus 
tubular, membranous apically with a darkened apicoventral sclerite. 

Types.— Holotype male: Argentina. Rio Negro Province, Puerto Blest, Lago 
Nahuel Huapi, 770 m, 1-6 Jan. 1982, Nielsen & Karsholt (ZMC). Paratype: Same, 
but 5 Jan. 1979, Mision Cientihca Danesa, 1 6 (NMNH). 
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Eight New Species of Trichoptera 

D. G. Denning 1 

2016 Donald Drive, Moraga, California 94556. 


Collections in Western United States have yielded a number of undescribed 
Trichoptera. Eight new species of Rhyacophila, Dolophilodes, Wormaldia, Och- 
rotrichia, and Farula are described. Unless indicated otherwise, types will be 
deposited in the California Academy of Sciences. 

Rhyacophia balosa, New Species 

This species is a member of the viquaea Milne group. It is nearest to lineata 
Denning. Diagnostic differences are: contours of segment 9, tergum 10, apical and 
distal segments of the clasper and the phallus. 

Male. —Length 9-10 mm. Wings, body, appendages ochraceous. Segment 7 
mesal structure minute. Stigma of wings distinct. Genitalia (Fig. 1): Segment 9 
apical margin arcuate, dorsum rotundate and curved ventrad to tergum 10, se- 
tation sparse. Tergum 10 consists of three distinct entities (Fig. 1): dorsal process 
(2) projected caudad, short, apex trianguloid; median process (b) attenuated, apex 
subacute, basal area brown pigmented, distal area opaque; ventral process (c) 
bifurcated lobes heavily sclerotized; from dorsal aspect ventral lobes curved mesad 
[Fig. lb (c)]. Clasper basal segment quadrate; distal segment short, apex rounded; 
from ventral aspect entire inner surface with dense brown spicules which enhance 
its clasping function. Phallus dorsal portion is translucent membrane (t) attached 
to mesal surface of claspers (Fig. 1 c); aedeagal base wide, attenuated to a narrow 
tubular structure (aed); viewed dorsally it is long and slender. 

Female. — Length 11 mm. General color and structure similar to male. Segment 
6 with an acute heavily sclerotized mesal process. First pair of apodemes extended 
from segment 6 to segment 9; second pair from segment 4 to 9. Bursa copulatrix 
(Fig. Id) occupies segment 7 and part of segment 6. 

Types.— Holotype male: California. Trinity County, Ditch Gulch, 7 mi W of 
Wildwood, Hwy. 36, 2 July 1977, Paul A. Peterson. Allotype: Trinity County, 
Cold Creek, 4 mi W of Wildwood, Hwy. 36, 2 July 1977, Paul A. Peterson. 
Paratypes: 1 male same data as allotype; 1 male Trinity County, Swift Creek, 2.5 
mi W of Forest Glen, Hwy. 36, 1 July 1977, Paul A. Peterson. 

Rhyacophila reyesi, New Species 

In the nearctic region this species is related to karila Denning. The arcuate 
shaped tergum 10, the contour of the distal segment of the claspers and the 
structure of the phallus differentiates reyesi from karila. This new species is known 
from the central coast area of California while karila Denning is known from the 
northern portion. 


1 Deceased. 
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Male.— Majority 8 mm. Sternum 6, 7 with acute mesal process. Wings, head, 
appendages uniformly ochraceous, spurs prominent 3-4-4, basal segment max¬ 
illary palpi with tuft of setae, frons with dense, long, yellowish setae. Genitalia 
(Fig. 2): Tergum 9 greatly enlarged, distal margin extended caudad as a slender 
ventral curved projection reaching beyond basal segment of clasper; from dorsal 
view medial crest very narrow. Tergum 10 [Fig. 2 (10t)] leaf-like plates widely 
divergent, caudal margin convex, apico-ventral comer acute; from caudal view 
(Fig. 2a) ventral margin emarginate, mesal surface with dense spicules. Clasper 
basal segment wide, short, almost twice as long as apical segment which is nar¬ 
rowed distally to an obtuse apex, blackish pigmented along margin. Phallus com¬ 
plex (Fig. 2b, lateral view), apex of dorsal process enlarged to a pair of arcuate 
lateral plates directed ventral (p); dorsal arm of carinate structure slender, sub¬ 
acute, directed caudad; paired ventral structures extend slightly beyond carinate 
structure, apex with pair of acute spines. 

Types. —Holotype male: California. Marin County, Point Reyes National Sea¬ 
shore, Bear Valley Creek, 25 May 1975, D. G. Denning. Allotype: Same, except 
26 June 1975. Paratypes: 7 males, 1 female, same data as allotype. 

A comparison of the complex phallus of karila to reyesi is presented in Figure 
3. There is very little similarity in the phallus between the two species. 

Rhyacophila chordata, New Species 

The species is a member of the rotunda group which consists of the following 
five species: rotunda Banks, 1924; norcuta Ross, 1938; ebria Denning, 1949; 
latitergum Davis, 1950; and tralala Schmid, 1970. The diagnostic characters of 
the rotunda group are well illustrated by Schmid, 1970, Diagnostic characters are 
present in tergum 10 and associated preanal appendages, claspers, and the aedeagal 
complex. 

Male.— Length 9.5-12 mm. General color light to dark brown. Male genitalia 
(Fig. 4): Typical of the group the dorsum of segment 9 is enlarged and sternum 
reduced. Coalescence of tergum 10 and preanals (pr) result in an apparent single 
structure; dorsal margin arcuate; viewed dorsally (Fig. 4a) emargination shallow 
or absent. Preanal appendages project ventro-caudad tubular, apex compressed 
with deep bifurcation, bearing the slightly variable heart-shaped anal sclerites (sa) 
[Fig. 4 (pr) and Fig. 4b (sa)], dark pigmented, structure capable of dorso-ventral 
movement. Phallus complex consists of a dorsal tubular process, apex giving rise 
to an acuminate structure bearing the apparent aedeagus (aed) which is projected 
dorsal and in repose is placed between apical lobes of preanal appendages (Fig. 
4c); semi-membraneous parameres [Fig. 4c (par)] curved dorsad distally, apex 
brown and setose. Clasper basal segment wide, ventral margin concave, ventro- 
apical apex subacute to slightly rotundate; distal segment with ventral margin 
directed ventrad, truncate, entire mesal surface with dense acute spicules forming 
an efficient clasping structure. 

Female. — General characteristics similar to male. Significant characters are the 
lateral aspect of segment 7 (Fig. 4d) and the dorsal aspect of tergum 10 (Fig. 4c). 

Types.—Holotype male: California. Fresno County, Temperance Flat, 19 Aug. 
1983, elevation 1000 ft, Donald J. Burdick. Allotype: Same data as holotype. 
Paratypes: Same data as holotype, 1 male; Kaiser Creek, below Round Mountain, 
17 Aug. 1984, John F. MacDonald, 3 males, 1 female; Kaiser Wilderness, 23 July 
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Illustration note: In all of the illustrations the following designations are used: terga 8, 9 and 10 (8t, 
9t, and lOt); sclerite (sa); aedeagus (aed); paramere (par); preanal appendages (pr); clasper (cl); phallus 
complex (p). 

Figures 1-4. 1. Rhyacophia. balosa Denning, lateral aspect, male genitalia, a. Lateral view, tergum 

10. b. Dorsal view, tergum 10. c. Lateral view, phallus complex, d. Female genitalia, bursa copulatrix, 
ventral view. 2. Rhyacophila reyesi Denning, male genitalia, lateral aspect, a. Caudal view, tergum 
10. b. Phallus complex lateral view. 3. Rhyacophila karila Denning, lateral view, phallus complex. 4. 
Rhyacophila chordata Denning, lateral aspect showing anal sclerite (sa). a. Dorsal view, coalescence 
tergum 10 and preanals. b. Dorsal view, anal sclerite. c. Lateral view, parameres. d. Female genitalia, 
lateral view segment 7. 
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1984, about 9000 ft, John F. MacDonald, 1 male; Kings Canyon Road, 31 May 
1963, 3500 ft, C. P. Alexander, 1 male; Billy Creek at Huntington Lake, 8—10 
July 1985, Donald J. Burdick, 1 male; same, except 4-11 Sept. 1984, 1 male, 2 
females; Sierra Summit, near China Peak, 10-17 July 1984, Donald J. Burdick, 
2 males; same, except 14-22 Aug. 1984, 1 male. Toulume County, 21-25 June 

1976, R. P. Allen, 1 male. Madera County, Casadel Woods, 12-15 Aug. 1983, 2 
males; same, except 4-13 Sept. 1983, James Aotoki, 7 males; same, except 22- 
29 Aug. 1983, 1 male; same, except 13-20 Nov. 1983, 6 males; Lewis Creek Road 
632, near Hwy. 41, 24 June-6 July 1983, Burke Zane, 2 males. Tulare County, 
Ash Mountain, Kaweah Power Station 3, 1 May 1986, Donald J, Burdick, 1 male; 
same, except 26 May 1984, 2 males; same, except 11 May 1985, 1 male, 1 female; 
Kaweah River near Lodge Pole, 28 June 1984, Richard F. Gill, 1 male; same, 
except 28 June-2 July 1984, 1 male; same, except 6-12 July 1984, 3 males; 
Johnsondale, South Creek, 17 July-4 Aug. 1985, Donald J. Burdick, 1 male, 2 
females. Los Angeles County, San Gabrial Mts., 0.5 mi NE Camp Valcrest, 24 
Apr. 1977, Charles L. Hogue, 1 male; same, except Alpine Canyon Creek, Hwy. 
39, near Jet. North Fork San Gabrial River, 20 June 1977, Richard W. Baumann 
and Charles L. Hogue, 1 male; same, except Cold Brook, 1 male. Shasta County, 
McCumber Lake, 4 Nov. 1953, H. P. Chander, 1 male. Sierra County, North 
Yuba River, Hwy. 49, 17 Mar. 1972, D. S. Potter and R. A. Haick, 2 males. 
Nevada. White Pine County, Kalamazoo Creek, Schell Creek Range, 26 June 

1977, A. L. Sheldon, 1 male. Clark County, Deer Creek, Spring Mountain, 21 
Jan. 1984, Richard W. Baumann and Riley Nelson, 1 male. Arizona. Graham 
County, Wet Canyon Recreation Area, 5 June 1982, Richard W. Baumann and 
S. M. Clark, 1 male. Utah. Piute County, City Creek Campground, 27 Sept. 1981, 
Richard W. Baumann and S. M. Clark, 1 male. Summit County, Upper Provo 
River Falls, 9 Aug. 1978, Richard W. Baumann and John Unzicker, 1 male. 
Washington County, Zion National Park, Temple Sinawava, 30 Sept. 1981, Rich¬ 
ard W. Baumann and S. M. Clark, 1 male. Utah County, stream near Mud Spring, 
Hwy. 80, 12 May 1982, Richard W. Baumann and I. R. Wais, 2 males, 2 females; 
same, except spring along North Fork American River, above Tiffle Reservoir, 
12 May 1981, S. M. Clark, 1 male. 

Four paratypes are in the private collections of D. J. Burdick, California State 
University, Fresno, California; 4 paratypes are in the private collection of Richard 
F. Gill, California State University, Fresno, California; 4 paratypes are in the 
collection of Richard W. Baumann, Brigham Young University, Monte L. Bean 
Life Science Museum, Provo, Utah. 

It is interesting to note that specimens have been collected in almost every 
month of the year from elevations of about 1000 to 9000 feet. Collections were 
made from permanent streams and streams that become dry in July, August and 
September. 


Dolophilodes Columbia , New Species 

This new species is a member of the aequalis-pallidipes group. It is closest to 
aequalis Banks. Differences from described species are: elongated apical segment 
of clasper, narrowed distal portion of basal segment of clasper and the small semi¬ 
circular tergum 10 from dorsal view. Abdominal segments are black, heavily 
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pigmented and sclerotized. Forewing fork R/2+3 reaches beyond sa. Tergum 10 
not visible from lateral view. 

Male. —Length 10 mm. Wings fuscous, stigma prominent, antennae, head, tho¬ 
rax blackish; appendages fuscous, spurs 2-4-4, prominent and long. Genitalia (Fig. 
5): Tergum 9 narrow, semi-circular, sternum projected caudad. Parameres [Fig. 
5 (par)] small, curved ventral, apex rounded, setose. Clasper basal segment wide, 
narrowed distally, slightly longer than apical segment which is enlarged distally, 
apex rotundate. Tergum 9 (Fig. 5a, dorsal view) margins sinuous, narrow. Para¬ 
meres originate at caudo-lateral angle, dorso-lateral margin of tergum 9 obliterates 
basal portion. Tergum 10 [Fig. 5a (10t)] inconspicuous, semi-circular, margin 
black pigmented, remainder opaque and semi-membraneous. Basal segment clasp¬ 
er from ventral aspect, somewhat shelf-like, semi-circular narrowband connection 
to sternum 9. 

Types.—Holotype male: Washington. Columbia County, 35 mi S of Pomaray, 
Tucannon River, Umtilla National Forest, 6 June 1980, R. D. Akre. Paratype 
male: Same data as holotype. Holotype deposited in James Entomological Col¬ 
lection, Washington State University, Pullman, Washington. Paratype male to be 
deposited in the California Academy of Sciences. 

In current keys this species will key out to aequalis (Banks). 

Dolophilodes andora , New Species 

This is the tenth described species of the genus in North America north of 
Mexico. This species is related to dorca Ross, differing from that species as follows: 
Tergum 10 undivided, foliaceous processes of tergum 10 absent, contour of ster¬ 
num 9 differs from dorca , and the claspers are distinctive. 

Male.— Length 12 mm. Wings, appendages and body uniformly tan, stigma 
dark, spurs 1-4-4, prominent and darker than legs, inner spurs longer than outer. 
Fork R/2+3 of forewing extends beyond sa. A short mesal trianguloid structure 
present on sternum 8. Genitalia (Fig. 6): Segment 9, lateral aspect, narrow with 
dorsum somewhat triangular. Tergum 10 elongate, dorso-ventral margins parallel. 
Parameres almost as long as tergum 10, slender setose and directed dorsad. Clasper 
basal segment uniformly wide, baso-dorsal margin crescent lc, distal segment 
enlarged, somewhat rounded; from ventral view mesal margin with dense row of 
brown, erect, acute spines. From dorsal aspect (Fig. 6a) tergum 9 abruptly nar¬ 
rowed to a thin strap; tergum 10 elongated, lateral margin dark pigmented, mesal 
area opaque, semi-membraneous, apices coalesced, rotundate. Paramere basal 
portion bears short mesal process and elongated lateral lobes with abundant short 
spicules (Fig. 6a; fig. is somewhat diagrammatic). 

Types.—Holotype male: California. Trinity County, Swift Creek, 2.5 mi W of 
Forest Glen, Hwy. 36, 1 July 1977, Paul A. Peterson. Paratype male: Siskiyou 
County, Old Elma, 26 Sept. 1978, F. D. Horn, black light trap. 

Wormaldia laona , New Species 

The Wormaldia thyria group contains four species as follows: thyria Denning, 
1950; hamata Denning, 1958; quesugta Schmid, 1968; and loana Denning, n. sp. 
Wormaldia thyria is recorded from Virginia and North Carolina. The three re¬ 
maining species are known from several localities in California. 
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Figures 5-9. 5. Dolophilodes Columbia Denning, male genitalia, lateral aspect, a. Dorsal view, 

tergites 8, 9, and 10 and parameres. 6. Dolophilodes andora Denning, male genitalia, lateral aspect, 
a. Dorsal view, tergites 8, 9, and 10 and parameres. 7. Wormaldia laona Denning, male genitalia, 
lateral aspect, a. Dorsal view, tergites 8, 9, and 10 and parameres. b. Female genitalia, tergite 8, dorsal 
view. 8. Ochrotrichia burdicki. Denning, male genitalia, segment 9, tergum 10 and claspers, lateral 
view. a. Claspers, ventral view. b. Tergum 10, dorsal view. c. Allotype female, segments 2-6, dorsal 
view. 9. Farula geyseri Denning, lateral aspect, a. Cervical sclerites. b. Tergum 10, dorsal view. c. 
Ventral view, sternum 9 and tergum 10. 
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Male.— Length 6-7 mm. General color wings and body fuscous, antennae and 
appendages ochraceous, wings with M/3 + 4 unbranched; hind wings with R/l and 
R/2 separated almost to wing margin. Sternum 7 with a subtriangular meson 
structure. Foretibia outer spur expanded laterally. Genitalia (Fig. 7): Segment 8 
tergum sclerotized and fuscous, fusion with tergum 9 obscure. Sternum 9, lateral 
view, caudal margin convex; tergum 9 elongate, dorsal and ventral margins par¬ 
allel, directed caudad beyond sternum 9. Tergum 10 directed caudad beyond 
parameres, apex subacute and curved slightly dorsad, from dorsal view (Fig. 7a), 
the wide tergum may be slightly variable in width. Parameres long and slender, 
apex obtuse [Fig. 7, 7a (par)]. Clasper distal segment subequal to basal segment, 
margins parallel, apex rotundate, margins bear dense whitish setae. Tergum 9 
(Fig. 7a, dorsal aspect) with wide shallow trough, entire length, dorso-lateral 
margins with rounded apex, shallow bifurcated apex. Tergum 10 directed slightly 
beyond parameres, narrowed distally, apex obicular. 

Female.— Length 7 mm. General characteristics similar to male. Wings, body, 
appendages luteous. Stemites with no mesal structures. Distal margin of tergum 
8 with shallow emargination (Fig. 7b). 

Types.—Holotype male: California. Uvas Canyon Park, Swanson Creek, Santa 
Clara County, 2 June 1974, Donald G. Denning. Allotype: Same data as holotype. 
Paratypes: Same, except 15 June 1975, 1 male; same, except 3 Sept. 1973, 2 males, 

1 female; same, except 7 Sept. 1975, 1 male. Monterey County, Julia Pfeiffer State 
Park, 25 July 1975, Donald G. Denning, 2 males; same, except 9 Sept. 1975, 1 
male; creek, 6 mi S of Gorda, Hwy. 1, 23 June 1975, 1 male; same, except small 
creek, 24 mi SSE of Carmel, 12 July 1974, Paul A. Peterson, 1 male. San Luis 
Obispo County, Lopez Creek near Arroyo Grande, 13 Apr. 1965, P. R. Richard¬ 
son, 1 male. 

Ochrotrichia burdicki, New Species 

The long slender claspers suggest this hydroptilid is related to vertreesi Denning 
and Blickle, although tergum 10 differs from that species in several details. The 
males are large and robust, the claspers are usually as long or longer than the 
abdomen—another characteristic of vertreesi males. The distinctive long curved 
claspers and the contour of terga 9 and 10 readily separate this from described 
Ochrotrichia. 

Male.— Length 3-4.5 mm. Spurs 0-3-4; mesal spur of hind leg twice length of 
outer spur. General color various shades of brown, in alcohol. Genitalia (Fig. 8): 
Segment 9 (Fig. 8, lateral view) elongated apically, ventral margin curvate, dorsal 
margin trianguloid. Claspers long, slender, curved dorsad, setose, apex bearing 
tuft of dense black setae; from ventral view (Fig. 8a), prominent median fuscous 
pigmented semi-circular structure is present to which basal portion of claspers 
are attached; mesal margin bears about 45 acute black small spines which become 
dense and long at apex; claspers symmetrical. Tergum 10 (Fig. 8b, dorsal view) 
slightly asymmetrical, apex truncate bearing a minute acute projection mesally; 
a distinctive dark pigmented spine, long, slender, acute, directed latero-caudad 
and located subapically is present; apico-lateral area brown pigmented (shaded 
in Fig. 8b), a minute translucent tubular structure present along margin. The long, 
tubular aedeagus extends from segment 5 to near apex (aed) (Fig. 8b). 
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Allotype female. — General color and size similar to male. The paired apodemes 
extend from segment 5 to segment 11. The dorsal aspect of tergites 2 to 6 are 
shown in Figure 8c. 

Types.—Holotype male: California. Fresno County, Dry Creek, 2 Sept. 1982, 
Richard F. Gill. Allotype: Same data as holotype. Paratypes: Same data as ho¬ 
lotype, 7 males, 2 females; Dry Creek, 5 mi NE Academy, 14 May 1982, Richard 
F. Gill, 58 males; Little Dry Creek, Marshall Station, 19-26 Apr. 1982, Donald 
J. Burdick, light trap, 288 males, 88 females. This is a random sample taken from 
ajar containing several thousand specimens. Dry Creek and Little Dry Creek are 
intermittent creeks. The large number of specimens attest to an ideal aquatic 
environment for the larvae and adults. Literally thousands of specimens have 
been collected by Dr. Burdick and his students, most but not all, by black light 
trap. Thus only a small percentage of available specimens are listed as paratypes. 
Forty paratypes will be deposited in collections of Donald J. Burdick and Richard 
Gill, California State University, Fresno, California. 

This species is named in honor of Donald J. Burdick, California State Uni¬ 
versity, Fresno. Dr. Burdick and his students are making substantial research 
contributions to our knowledge of Trichoptera by their years of extensive collect¬ 
ing in unusual aquatic environments. “The black light trap which has collected 
many thousands of specimens was placed alongside the intermittent stream which 
in most years is dry by early July except for occasional small pools. The water 
usually returns to the stream in early October with the first rains,” quote from 
Donald J. Burdick. 

Farula geyseri, New Species 

Over 50 years ago Dr. Loras Milne described Farula rainieri, n. gen., n. sp. 
from a specimen collected at Mt. Rainier, Washington. To the present, 10 species 
of Farula are now named. All species are known only from Washington, Oregon 
and California. With only a few exceptions, specimens remain rare in collections. 
Aside from its small size this new species differs from described species in mor¬ 
phological details of tergum 9, tergum 10, parameres, claspers and other differences 
in the male genitalia. 

In the interest of brevity and continuity, the original lettering of the male 
genitalia as employed in Ross’ description of malkini is used with a few exceptions. 

Male. — Length 4.5 mm. General characteristics similar to petersoni except small 
size. Mesothorax dorsum bimaculate with semi-circular non-pigmented areas 
occupying most of the dorsum. Antennae, legs ochraceous, spurs 1-2-4. Forewing 
venation dark, with R/1 and Cu fuscous and prominent; maxillary palpi porrect, 
the three segments equal in size; labial palpi 4 segmented, last segment 1.5 times 
longer than third which is slightly longer than second; cervical sclerites dark 
pigmented (Fig. 9a). Genitalia (Fig. 9): Tergum 9 consists of a membraneous area 
and a reduced sclerotized band [Fig. 9 (t)]. Tergum 10 dorsal branch slender, 
sinuate (Fig. 9); from dorsal view lateral margin dark and distinct (t), attenuated 
to subacute apex (Fig. 9b); from ventral view (Fig. 9c), ventral branch enlarged, 
deeply furcate with lateral projection short, acute, directed laterad, distal apices 
divergent, apex acute, dark pigmented, its probable function is to cover most of 
phallus and aedeagus. Parameres short, slender, apex orbicular, setation sparse 
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[Fig. 9 (par)]. Structure “b” long, tubular, apex acute (Fig. 9b); from ventral view 
apices curved mesad (Fig. 9c). Claspers directed caudad, narrowed distally to bifed 
apex; attachment is to heavily sclerotized sternum 9 ventral margin [Fig. 9, 9c 
(cl)]. Structure “e” (Fig. 9) fusiform, directed ventro-caudad, originates beyond 
dorsal margin of claspers; from ventral aspect (Fig. 9c) structure wide, distally 
more heavily setose than other structures, capable of dorso-ventral movement. 
Phallus bilobate, located between claspers which partially cover structure from 
dorsal view [Fig. 9b (p)]. 

Type. —Holotype male: California. Sonoma County, Big Sulfur Creek, about 7 
mi W of Middletown, the Geysers, 22 Apr. 1986, Eric P. McElravy, pan trap. 

The collector stated Big Sulfur Creek is intermittent, and usually dry in July, 
August and September. 

Distribution of Forula 

rainieri Milne, 1936, Washington, Oregon 

malkini Ross, 1950, Oregon 

davisi Denning, 1958, Oregon 

jewetti Denning, 1968, Oregon 

reapiri Schmid, 1968, Oregon 

honeyi Denning, 1973, Southern California 

petersoni Denning, 1983, Northern California 

wigginsi Denning, 1983, Central California 

praelonga Wiggins and Erman, 1987, Northern California 

geyseri, n. sp., 1987, Northern California 
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Exotic Invertebrates and Their Effects on California 
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Division of Plant Industry, California Department of Food and Agriculture, 
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Abstract.— Between 1955 and 1988, infestations of 208 exotic invertebrates 
were discovered in California. The greatest number were Homoptera, followed 
by Acari, Coleoptera, and Lepidoptera. The majority came to California from 
other regions of North America followed by the Pacific Region and Europe. Since 
1980, there has been an increase in the rate of introduction of Diptera, Hyme- 
noptera, and Homoptera and a decrease in Coleoptera and Lepidoptera. There 
have been increases in the rate of immigration from Asia, Australia, Europe, and 
the Pacific Region over the same time. Acari, Homoptera, and Thysanoptera 
immigrated significantly more often than expected based upon the number of 
species worldwide while Coleoptera and Hymenoptera did so significantly less 
often. 

Sixteen insects were targeted for eradication with Diptera having the greatest 
number, followed by Lepidoptera. Asian insects, particularly dipterans, were tar¬ 
geted for eradication significantly more frequently than their proportion of the 
total immigrant fauna. These exotic invertebrates have had and will continue to 
have a tremendous negative impact on agricultural and urban pesticide use, and 
on California’s environment. Future pest management programs must take into 
account this continuous immigration of invertebrate pests. 


Human activity has been the primary force rearranging the geographic distri¬ 
bution of animals and plants over the last 500 yr. Thousands of organisms have 
been transported either accidentally or intentionally by man to places they were 
presumably incapable of reaching on their own (Sailer, 1978; Beardsley, 1962, 
1979; Turnbull, 1979, 1980; Stephanova, 1981; Gillespie and Gillespie, 1982; 
Hoebeke and Wheeler, 1983; Moran, 1983; Brown 1986; Arzone et al., 1987; 
Vitousek et al., 1987). 

This man-aided movement is especially important to California. The state is 
an ecological island bounded by desert, mountains, and ocean. It has a unique 
flora and fauna (Cochrane, 1985) and lacks many of the major plant pests found 
in other regions (Dowell, 1985, 1988; Dowell and Krass, 1988). California has 
over 200 crops, extensive native and exotic urban plantings, and large areas with 
benign climate making it likely that new phytophagous arthropods will find ac¬ 
ceptable food and climate. Exotic plant pests are often extremely damaging in 
new habitats (Moran, 1983; Dowell and Krass, 1988). In 1978, exotic insects 
caused over $309,000,000 in crop losses in California (Papp, 1979). This repre¬ 
sented 62% of all pest specific crop losses in the state for that year. 

There is a continuous invasion of exotic organisms into California. In fiscal 
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year 1986, over 22,000,000 motor vehicles passed through Agricultural Inspection 
Stations at the state borders with over 187,000 rejections because of quarantine 
violations. There were 104 species of intercepted organisms including burrowing 
nematode, imported fire ant, Mexican and Caribbean fruit flies, European corn- 
borer, Japanese beetle, and gypsy moths. Malaysian, Mediterranean, and Oriental 
fruit fly larvae and pupae have been discovered in fruit mailed from Hawaii, and 
in a car shipped to California from Hawaii. In 1986, over 3000 Japanese beetles, 
many still alive, were found in cargo planes landing at Ontario, California, on 
flights which originated in the Eastern U.S. 

This paper examines the result of this constant immigration of invertebrates 
into California. We have identified new additions to our invertebrate fauna from 
1955 to 1988. We analyze the rate of introduction, composition by order and 
origin, and how the composition has changed over time. Lastly, we explore how 
these introduced organisms have affected and will continue to affect the State of 
California. 

Criteria for Selection 

The following criteria were used to develop a list of newly established inver¬ 
tebrates. Multiple individuals or life stages were present when detected. They were 
identified as a new state record. If multiple introductions occurred (e.g., the Med¬ 
iterranean fruit fly) only the first introduction was included in our analysis. We 
excluded all organisms intentionally introduced in biological control programs. 
We also excluded all quarantine incidents. Thus wood borers found in shipping 
crates and plant pests found on nursery stock were not included since these were 
either destroyed or denied entry into the state. The origin of an organism is that 
area from which it came to California, not necessarily the area where it evolved 
(e.g., origin of Japanese beetles found in California is the Eastern U.S. and not 
Japan). 

Source Data 

We examined the following documents to develop an initial list of exotic in¬ 
vertebrates known to have established infestations in California between 1955 
and 1988. (1) The Quarterly Bulletin of the California Department of Agriculture 
(volumes 44-56 covering 1955-1967), (2) Cooperative Economic Insect Report 
of USDA-ARS (volumes 5-25 covering 1955-1975), (3) Cooperative Plant Pest 
Report of USDA-ARS (volumes 1-5 covering 1976-1980), (4) California Plant 
Pest and Disease Report of California Department of Food and Agriculture (CDF A) 
(volumes 1-7 covering 1981-1988). This list was then reviewed by CDFA Insect 
Biosystematists to confirm the validity of each entry. 

Results and Discussion 

Infestations of208 newly established invertebrates were discovered in California 
between 1955 and 1988 (Table 1). The annual rate of discovery of new organisms 
(6.1 ± 3.6 (SD)) is equal to that for the Northeastern U.S. and Eastern Canada 
for 1970-1982 (6.2/year) (Hoebeke and Wheeler, 1983) but less than that for the 
U.S. mainland for 1910-1980 (11.0/year) (Sailer, 1978, 1983) and Hawaii for 
1937-1961 (14.5/year) (Beardsley, 1962) and for 1962-1976 (18.1/year) (Beards¬ 
ley, 1979). Only 2 yr (1977, 1981) had no discoveries of new invertebrates and 



134 


PAN-PACIFIC ENTOMOLOGIST 


Table 1. List of exotic invertebrates whose infestations were detected in California during 1955— 
1988. 


Scientific name 

Year first found 

Probable origin 

Acari 

Acalitus calycophthirus (Nalepa) 

1984 

E. U.S. 

Acarapis nr. dorsalis 

1959 

? 

Acarapis woodi (Rennie) 

1986 

E. U.S. 

Aculodes teucrii (Nal.) 

1968 

E. U.S. 

Aculops fuchsiae Keifer 

1982 

S. America 

Aleuroglyphus ovatus (Troupeau) 

1984 

? 

Cheyletiella vasguri (Megnin) 

1973 

E. U.S. 

Eriophyes ajugae (Nalepa) 

1958 

? 

Eriophyes celtis Kendall 

1961 

E. U.S. 

Eriophyes spermaphaga Keifer 

1979 

? 

Eriophyes vaga (Keifer) 

1979 

S. America 

Eutetranchyus banksi (McGregor) 

1968 

E. U.S. 

Fuscuropoda marginala (Koch) 

1964 

? 

Lorryiaformosa Cooreman 

1984 

Europe 

Melittiphis alvearius (Berlese) 

1988 

Europe 

Mononychetlus erythrinae (McGregor) 

1978 

? 

Oligonychus aceris (Shimer) 

1959 

E. U.S. 

Petrobia nr. apicalis (Banks) 

1978 

E. U.S. 

Phantacrus lobatus Keifer 

1978 

W. U.S. 

Schizonobia sp. 

1965 

? 

Siteroples graminum (Reuter) 

1965 

Hawaii 

Steneotarsonemus ananas (Tryon) 

1980 

Hawaii 

Tegonotus carinatus (Keifer) 

1964 

Europe 

Tetranychus exansi Baker and Pritchard 

1965 

Pacific region 

Tetranychus merganser Boudreaux 

1963 

E. U.S. 

Trisetacus pseudotsugae Keifer 

1969 

Oregon 

Tyrophagus neiswanderi Johnston and Bruce 

1982 

Europe 

Coleoptera 

Amblycerus robiniae (Fab.) 

1970 

E. U.S. 

Anthonomus grandis Boheman 

1984* 

Arizona 

Anthrenus colorat us Reitter 

1969 

Asia 

Apion longirostre Oliver 

1964 

E. U.S. 

Attagenus fasciatus (Thunberg) 

1974 

? 

Carpophilus lugubris Murray 

1974 

? 

Ceratophyus sp. 

1963 

Europe 

Conoderus falli Lane 

1966 

E. U.S. 

Crioceris duodecimpunctata (L.) 

1975 

? 

Eleodes suturalis (Say) 

1963 

E. U.S. 

Epitrix tuberis Gentner 

1968 

E. U.S. 

Graphognathus leucoloma Boh. 

1988 

E. U.S. 

Lissorhoptrus oryzophilus Kuschel 

1969 

E. U.S. 

Listronotus hyperodes (Dietz) 

1959 

E. U.S. 

Pharaxonotha kirschi Reitt. 

1956 

Texas 

Phoracantha semipunctata F. 

1984 

Australia 

Pissodes strobi (Peck) 

1972 

E. U.S. 

Pityophthorus juglandis Blackman 

1958 

Arizona 

Popillia japonica Newman 

1961 1 

E. U.S. 

Proctorus decipiens (LeConte) 

1966 

U.S. 

Sitona cylindricollis Fahraeus 

1957 

U.S. 

Sitona lineata (L.) 

1966 

Oregon 
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Table 1. Continued. 


Scientific name 

Year first found 

Probable origin 

Sphenophorus venatus Chittenden 

1968 

E. U.S. 

Stelidota geminata (Say) 

1957 

E. U.S. 

Zabrotes subfasciatus Boheman 

1965 

Mexico 

Diptera 

Aedes aegypti (L.) 

1979 

E. U.S. 

Anastrepha suspensa (Loew) 

1984' 

Florida 

Cecidomyia balsamicola (Lintner) 

1963 

E. U.S. 

Ceratitis capitata (Wiedemann) 

1975 1 

Hawaii 

Chrvsomya megacephala (F.) 

1988 

Mexico 

Chrysomya rufifacies (Macq.) 

1987 

W. U.S. 

Contarinia sorghicola (Coquillett) 

1960 

Asia 

Dacus correctus (Bezzi) 

1986 1 

Asia 

Dacus cucurbitae Coquillett 

1956 1 

Hawaii 

Dacus dorsalis Hendel 

I960 1 

Hawaii 

Dacus zonatus (Saunders) 

1985 1 

Asia 

Dasineura gleditchiae (Osten Sacken) 

1978 

E. U.S. 

Mayetiola violicola (Coquillett) 

1967 

W. U.S. 

Melanagromyza splendida Frick 

1967 

Hawaii 

Musca autumnalis De Geer 

1968 

E. U.S. 

Neoexaireta spinigera (Wiedemann) 

1966 

Hawaii 

Phytomyza crassiseta Zetterstedt 

1962 

Pacific region 

Phytomyza ranunnculi (Schrank) 

1965 

Pacific region 

Psila rosae (Fab.) 

1963 

Europe 

Rhagoletis pomonella (Walsh) 

1983' 

Oregon 

Hemiptera 

Aeha americana Dallas 

1980 

E. U.S. 

Blissus insularis Barber 

1967 

E. U.S. 

Campyloneura virgula (H.-S.) 

1964 

? 

Corythuca montivaga Drake 

1971 

? 

Elasmucha lateralis (Say) 

1969 

E. U.S. 

Gargaphia arizomca Drake and Carvalho 

1970 

Arizona 

Heterotoma meriopterum (Scopoli) 

1964 

E. U.S. 

Lamprodema maura (Fab.) 

1979 

? 

Nezara viridula (L.) 

1986 

E. U.S. 

Homoptera—Aleyrodidae 

Aleurothrixus floccosus (Masked) 

1966 1 

Tropical America 

Aleurotuba jelinekii (Frauenfeld) 

1963 

Europe 

Dialeurodes citrifolii (Morgan) 

1985 

E. U.S. 

Parabemisia myricae (Kuwana) 

1978 

Japan 

Paraleurodes sp. 

1978 

Mexico 

Paraleurodes sp. 

1983 

Mexico 

Siphoninus phillyreae (Haliday) 

1988 

Europe 

Tetraleurodes new sp. 

1983 

Mexico 

Homoptera— Aphidae 

Acrythosiphon kondoi Shinji 

1975 

Asia 

Acrythosiphon loti (Theobald) 

1975 

? 

Brachycaudus rumexicolens (Patch) 

1984 

Europe 

Brachycaudus tragopogonis (Kaltenbach) 

1975 

Europe 

Brachycolus asparagi Mordvilko 

1984 

N.W. U.S. 

Cinara piceicola (Cholodkovsky) 

1957 

E. U.S. 

Diuraphis noxia (Mordvilko) 

1988 

W. U.S. 
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Table 1. Continued. 


Scientific name 

Year first found 

Probable origin 

Eucarazzia elegans (Ferrari) 

1984 

Africa 

Hysteroneura setariae (Thomas) 

1955 

U.S. 

Illinoia liriodendri (Monell) 

1974 

E. U.S. 

Melanocaltis caryaefoliae (Davis) 

1958 

E. U.S. 

Myzas hemerocallis Takahashi 

1959 

China 

Pemphigus bursurius (L.) 

1955 

E. U.S. 

Rhopalomyzus poae (Gillette) 

1955 

E. U.S. 

Rhopalosiphum insertum (Walker) 

1955 

E. U.S. 

Therioaphis riehmi (Bomer) 

1956 

? 

Tinocallis nirecola (Shinji) 

1985 

Japan 

Tinocallis platani (Kaltenbach) 

1959 

Europe 

Vesiculaphis caricis (Fullaway) 

1962 

? 

Homoptera—Cicadellidae and Fulgoridae 

Agalliz barretti Ball 

1972 

Arizona 

Balcutha rosea Scott 

1982 

Mexico 

Delphacodes fulvidorsum (Metcalf) 

1982 

Mexico 

Idona minuenda Moznette 

1970 

Tropical America 

Japananus hyalinus (Osborn) 

1975 

U.S. 

Latalus misellus (Ball) 

1980 

Nevada 

Macropsis ultni (Scott) 

1955 

Europe 

Negosiana dualis Delong 

1979 

Arizona 

Niloparvata wolcotti Muir and Giffard 

1975 

Puerto Rico 

Psammotettix emarginatus Greene 

1979 

Oregon 

Sanctanus sonorus Delong and Hershenberger 

1986 

W. U.S. 

Scaphytopius nitridus (Delong) 

1975 

Mexico 

Siphanta acuta (Walker) 

1983 

Hawaii 

Sogatella kolophon (Kirkaldy) 

1985 

Mexico 

Stirellus prob. bicolor 

1987 

W. U.S. 

Texananus gladius Delong 

1963 

E. U.S. 

Trypanalebra balli Young 

1983 

Arizona 

Homoptera—Coccidae and Diaspididae 

Antonina graminis (Masked) 

1957 

E. U.S. 

Clavaspis ulmi (Johnson) 

1967 

E. U.S. 

Hemiberlesia candidula (Cockerell) 

1957 

Arizona 

Kuwania quercus (Kuwana) 

1966 

Far East 

Parthenolecanium fletcheri (Cockerell) 

1963 

Canada 

Physokermes piceae (Schrank) 

1958 

E. U.S. 

Quadraspidiotus ostreaeformis (Curtis) 

1959 

E. U.S. 

Homoptera—Membracidae 

Idioderma sp. 

1988 

E. U.S. 

Homoptera—Pseudococcidae 

Allococcus sp. 

1980 

Africa 

Cataenococcus olivaceus (Cockerell) 

1960 

Mexico 

Chorizococcus brencmris McKenzie 

1965 

Hawaii 

Ferrisia virgata (Cockerell) 

1963 

Mexico 

Heterococcus nudus (Green) 

1959 

E. U.S. 

Phenacoccus aceris (Signoret) 

1971 

E. U.S. 

Pseudococcus comstocki (Kuwana) 

1967' 

E. U.S. 

Pseudococcus importatus McKenzie 

1963 

Tropical America 

Spilococcus geraniae (Rau) 

1966 

E. U.S. 
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Table 1. Continued. 


Scientific name 

Year first found 

Probable origin 

Homoptera—Psyllidae 

Acizzia acaciae-baileyanae (Froggatt) 

1987 

Australia 

Blastopsylla occidental is Taylor 

1983 

Australia 

Calophya schini Tuthill 

1984 

Peru 

Ctenarytaina longicauda Taylor 

1983 

Australia 

Hetewpsylla cabana Crawford 

1986 

Hawaii 

Homotoma ficus (L.) 

1969 

Europe 

Pachypsylla celtidis- vesicula Crawford 

1960 

E. U.S. 

Psylla uncatoides (Ferns and Klyver) 

1955 

Hawaii 

Trioza eugeniae Frogg. 

1988 

Australia 

Hymenoptera 

Apis mellifera (Africanized honey bee) L. 

1985' 

Tropical America 

Bathyplectes tristis (Gravenhorst) 

1957 

E. U.S. 

Camponotus sayi Emery 

1963 

W. U.S. 

Cardiocondyla nuda (Mayr.) 

1958 

Asia 

Ditropinotus aureoviridis Cwtd. 

1966 

Oregon 

Eumegastigmus transvaalensis Hussey 

1960 

S. Africa 

Fenusa dohrnii (Tischbein) 

1986 

N.W. U.S. 

Megastigmus pistaciae Walker 

1967' 

Asia 

Paratrechina longicornis (Latreille) 

1967 

E. U.S. 

Stilpnus gagates Grav. 

1985 

E. U.S. 

Trichoscapa membranifera (Emery) 

1963 

S. U.S. 

Vespula germanica (Christ.) 

1986 

E. U.S. 

Lepidoptera 

Agrotis malefida Guenee 

1960 

Arizona 

Apamea indocilis Walk. 

1970 

? 

Athrips rancidella (H.-S.) 

1983 

Europe 

Bucculatrix tridenticola Brown 

1963 

E. U.S. 

Choristoneura conflictana (Walker) 

1960 

E. U.S. 

Ectomyelois ceratoniae (Zell.) 

1983 

Arizona 

Endothenia albolineana (Kearfott) 

1957 1 

E. U.S. 

Eumysia mysiella (Dyar) 

1975 

? 

Euxoa achrogaster (Guenee) 

1970 

? 

Homadaula anisocentra Meyrick 

1963 

? 

Leucoma salicis (L.) 

1960 

E. U.S. 

Lymantria dispar (L.) 

1976 1 

E. U.S. 

Macronoctua onusta Grote 

1970 

E. U.S. 

Mirificarma formosella (Hub.) 

1969 

Europe 

Oikehcus townsendi (Townsend) 

1968 

U.S. 

Pectinophora gossypielfa (Saunders) 

1965 1 

Mexico 

Periploca nigra Hodges 

1962 

? 

Phyllocnistis sp. 

1963 

E. U.S. 

Podosesia syringae (Harris) 

1979 

E. U.S. 

Rhyacionia frustrana (Comstock) 

1971 

E. U.S. 

Sibine stimulea (Clemens) 

1965 

E. U.S. 

Sidendis rosea Harv. 

1970 

? 

Stenolechia bathrodyas Meyrick 

1980 

Asia 

Zeimphera vancouverana McD. 

1970 

U.S. 

Mollusca 

Arion ater L. 

1960 

U.S. 

Cecilioides acicula (Muller) 

1967 

? 
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Table 1. Continued. 


Scientific name 

Year first found 

Probable origin 

Cochlicella ventrosa (Fer.) 

1964 

? 

Hawaiia minuscula (Binnex) 

1963 

Hawaii 

Helicilla maritima (Draparnaud) 

1975 

Africa 

Pupoides albiabris (Adams) 

1963 

? 

Rumina decollate! (L.) 

1966 

Arizona 

Orthoptera 

Allonemobius fasciatus (DeGeer) 

1969 

? 

Blatta lateralis Walk. 

1978 

Africa 

Gryllodes supplicans (Walker) 

1966 

W. U.S. 

Neoconocephalus robustus (Scudder) 

1959 

E. U.S. 

Periplaneta brunnea Burmeister 

1970 

E. U.S. 

Periplaneta fuliginosa (Serville) 

1966 

E. U.S. 

Pyconscelus sunnamensis (L.) 

1988 

E. U.S. 

Thysanoptera 

Dendropthrips ornatus (Jablonowski) 

1968 

E. U.S. 

Echinothnps americanus Morgan 

1982 

Hawaii 

Gynaikothrips ficorum (Marchal) 

1959 

? 

Haplothnps clarisetis Pries. 

1959 

Africa 

Oedaleothrips hookeri Hood 

1973 

Texas 

Scirtothrips inermis Pnesner 

1972 

Spain 

Thrips hawaiiensis (Morgan) 

1985 

Hawaii 


1 Target of state-mandated eradication program. 


only 1963 and 1966 had more than 10 (Fig. 1). The composition by taxon (Table 
2) for the new arthropods differs significantly from that based upon the number 
of species in each taxon (Borror et al., 1981) in the world (x 2 = 457.6, df = 8, P 
0.001). Coleoptera (P 0.001) and Hymenoptera (P < 0.01) occur signifi¬ 
cantly less frequently than expected while phytophagous Acari (P < 0.001), Ho- 
moptera (.P c 0.001), and Thysanoptera (P <c 0.001) occur significantly more 
frequently than expected (Table 1). Each of these latter taxons are closely tied to 
plants throughout their lifecycles. These data and those concerning the increased 
immigration of tephritid fruit flies indicate that most of our new introductions 
are being carried in or on plants. These taxon trends in introductions are similar 
to those found in Hawaii (Beardsley, 1962, 1979) and the U.S. (Sailer, 1978) for 
Coleoptera, Homoptera, and Thysanoptera, while differing for Lepidoptera (sig¬ 
nificantly fewer in all studies). Hoebeke and Wheeler (1983) found significantly 
greater than expected numbers of exotic Hemiptera and Homoptera in the North¬ 
eastern U.S. and Eastern Canada. 

The rate at which California is accumulating new invertebrates is less than that 
for the U.S. as a whole or Hawaii (Sailer, 1978, 1983; Beardsley, 1962, 1979). 
This appears to be due to the stringent exclusion and eradication efforts of the 
California Department of Food and Agriculture (Dowell, 1988). Despite these 
efforts and those of the USD A and other governmental bodies, large numbers of 
exotic invertebrates are being moved throughout the world (Hamilton, 1983; 
Hamilton and Langor, 1987; Belskaya and Popova, 1978; Sturgeon, 1971, loc. 
cit.). 
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Figure 1. Annual detections of newly established invertebrates and annual number of new erad¬ 
ication programs in California from 1955 to 1988. 


Regional Analysis 

The largest number of exotic invertebrates came to California from the rest of 
North America (U.S., Canada, Mexico) (Table 3). The Pacific Region (mostly 
Hawaii), Europe, and Asia follow with the fewest coming from Africa and Aus¬ 
tralia. California received 1.5-4.5 times as many of its exotics from Asia, Australia, 
and the Pacific Region than either the entire U.S. or the Northeastern U.S. and 
Canada (Sailer, 1978, 1983; Hoebeke and Wheeler, 1983). These figures reflect 
differences in the trade and tourist routes used on the east and west coasts of the 
U.S. 

There are distinct differences in the origins of the various taxons of exotic 
invertebrates found in California (Table 4). North America accounted for the 


Table 2. Number of newly established exotic invertebrates by order. 


Taxon 

Number established 
(%) 

Number targeted 
for eradication 

Percentage of total 
eradication projects 

Acari 

27 (13.0) 

0 

0 

Coleoptera 

25 (12.0) 

2 

12.5' 

Diptera 

20 (9.6) 

7 

43.8 

Hemiptera 

9 (4.3) 

0 

0 

Homoptera 

70 (33.7) 

2 

12.5 

Hymenoptera 

12(5.8) 

2 

12.5 

Lepidoptera 

24(11.5) 

3 

18.8 

Mollusca 

7 (3.4) 

0 

0 

Orthoptera 

7 (3.4) 

0 

0 

Thysanoptera 

7 (3.4) 

0 

0 

Total 

208 (100) 

16 

100 


1 Based upon n = 16. 
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Table 3. Probable origins of newly established invertebrates in California (1955-1988). 


Region 

Number of organisms 

% of total 

n 

Eradications 

% 

Africa 

6 

2.9 

0 

0 

Asia 

10 

4.8 

3 

30.0 1 

Australia 

5 

2.4 

0 

0 

Europe 

16 

7.7 

0 

0 

North America 2 

118 

56.7 

8 

6.8 

Pacific region 3 

19 

9.1 

3 

15.8 

Tropical America 

7 

3.4 

0 

0 

Unknown 

27 

13.0 

0 

0 


1 Based upon number of organisms. 

2 Includes Mexico. 

3 Includes Hawaii. 


majority of all Acari (55%), Coleoptera (86%), Hemiptera (100%), Homoptera 
(61%), Hymenoptera (75%), Lepidoptera (83%), and Orthoptera (83%). Only 33- 
45% of all Diptera, Mollusca, and Thysanoptera came from North America, 
There have been increases in the rate of introductions of Diptera (233%), Ho¬ 
moptera (179%), and Hymenoptera since 1980 compared to the previous decade 
(Table 5). The rate of introduction of Coleoptera and Lepidoptera has declined 
(40% and 67%, respectively) during the same period. Only one new Molluscan 
has been found since 1966. There are no significant differences in the number of 
new introductions in each 5-yr interval (x 2 = 8.2, df = 6, P > 0.05) (Table 5). 

There have been increases in the rate of introductions from Asia (300%), Aus¬ 
tralia, Europe (300%), Pacific Region (300%) and Tropical America (150%) since 
1980 compared to the previous decade (Table 6). There has been a 92% decline 
in the number of introductions whose origins are unknown for the same period. 

CDFA staff have assumed that with increasing numbers of Asians moving to 
California over the last 10-15 yr there would be an increase in the importation 
of native foods and an increase in the rate of introduction of pests from that 
region. Both of these events have occurred (Pemberton, 1988) (Table 6). 

Two trends in the composition of exotic invertebrates coming into California 


Table 4. Taxon by region composition of new invertebrates introduced to California. 


Order 

Africa 

Asia 

Australia 

Europe 

North 

America 

Pacific 

region 

Tropical 

America 

Unknown 

Acari 

0 

0 

0 

4 

11 

3 

2 

7 

Coleoptera 

0 

1 

1 

1 

19 

0 

0 

3 

Diptera 

0 

3 

0 

1 

9 

7 

0 

0 

Hemiptera 

0 

0 

0 

0 

6 

0 

0 

3 

Homoptera 

2 

3 

4 

7 

41 

6 

4 

3 

Hymenoptera 

1 

2 

0 

0 

8 

0 

1 

0 

Lepidoptera 

0 

1 

0 

2 

15 

0 

0 

6 

Mollusca 

1 

0 

0 

0 

2 

1 

0 

3 

Orthoptera 

1 

0 

0 

0 

3 

0 

0 

1 

Thysanoptera 

1 

0 

0 

1 

2 

2 

0 

1 

Totals 

6 

10 

5 

16 

118 

19 

7 

27 
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Table 5. Order specific introductions by 5-yr intervals. 


Taxon 



Number established years 



1955-1959 

1960-1964 

1965-1969 

1970-1974 

1975-1979 

1980-1984 

1985-1988 

Acari 

3 

4 

6 

1 

5 

6 

2 

Coleoptera 

5 

4 

8 

4 

1 

2 

1 

Diptera 

1 

5 

4 

0 

3 

2 

5 

Hemiptera 

0 

2 

2 

2 

1 

1 

1 

Homoptera 

16 

8 

7 

4 

10 

14 

11 

Hymenoptera 

2 

3 

3 

0 

0 

0 

4 

Lepidoptera 

1 

7 

4 

6 

3 

3 

0 

Mollusca 

0 

4 

2 

0 

1 

0 

0 

Orthoptera 

1 

0 

3 

1 

1 

0 

1 

Thysanoptera 

2 

0 

1 

2 

0 

1 

1 

Totals 

31 

37 

40 

20 

25 

29 

26 

Avg./year 

6.2 

7.4 

8.0 

4.0 

5.0 

5.0 

6.5 


since 1980 are especially disturbing. The first is the increase in the immigration 
of Asian and Australian insects (Table 6). The second is the increase of fruit- 
attacking Diptera (Table 5). These trends are heightened if detections of single 
individuals are included. Since 1985, CDFA has trapped a single Queensland fruit 
fly (Dacus tryoni) from Australia and single specimens of Dacus scutellatus and 
Dacus sp. from Africa, bringing the total number of new Diptera since 1985 to 
seven with all but two from Asia or Australia. Considering the tremendous po¬ 
tential these fruit flies have to inflict crop losses and increase pesticide use (Dowell, 
1983, 1985) these trends do not bode well for California in the future. 

CDFA Response 

CDFA targeted 16 of the 208 detected invaders for state mandated eradication 
programs (Table 7). Nine of these programs were successful, six were not successful 
and one is still in progress. Six of these organisms (e.g., gypsy moth, Oriental fruit 
fly) have been the objects of repeated, successful eradication programs (Table 7). 
Diptera have accounted for 43.8% of all eradication programs followed by Lep- 
idoptera and Coleoptera, Flomoptera, and Hymenoptera (Table 2). Over 35% of 
all new Diptera were the object of CDFA mandated eradication programs. This 
rate is 2.5 to 12.5 times higher than for any other order. 


Table 6. Region specific introductions by 5-yr intervals. 


Number established years 


Region 

1955-1959 

1960-1964 

1965-1969 

1970-1974 

1975-1979 

1980-1984 

1985-1988 

Africa 

1 

1 

0 

0 

2 

2 

0 

Asia 

2 

1 

3 

0 

1 

1 

2 

Australia 

0 

0 

0 

0 

0 

3 

2 

Europe 

2 

4 

2 

1 

1 

4 

2 

North America 

20 

20 

25 

12 

12 

13 

16 

Pacific region 

2 

3 

6 

0 

2 

3 

3 

Tropical America 

0 

1 

1 

1 

1 

2 

1 

Unknown 

4 

7 

3 

6 

6 

1 

0 

Totals 

31 

37 

40 

20 

25 

29 

26 
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Table 7. Status of eradication programs (1955-1988). 


Target 

Year started 

Year ended 

Status 

Aleurothrixus floccosus 

1966 

1971 

failed 

Anastrepha suspensa 

1984 

1984 

successful 

Anthonomus grandis 

1984 

to present 

in progress 

Aphis mellifera (Africanized) 

1985 

1986 

successful 

Ceraiitis capitata 

1975' 

1976 

successful 

Dacus correctus 

1986 

1987 

successful 

Dacus cucurbitae 

1956 1 

1957 

successful 

Dacus dorsalis 

I960 1 

1961 

successful 

Dacus zonatus 

1985 1 

1986 

successful 

Endothenia albolineana 

1957 

1970 

failed 

Lymantria dispar 

1976 1 

1979 

successful 

Megastigmus pistaciae 

1967 

1970 

failed 

Pseudococcus comstocki 

1967 

1976 

failed 

Pectinophora gossypiella 

1965 

1970 

failed 

Popillia japonica 

1961' 

1965 

successful 

Rhagoletis pomonella 

1983 

1986 

failed 


1 First introduction for each pest. Subsequent infestations not included in our analysis. 


Since few other political entities attempt to eradicate new infestations of exotic 
pests, it is difficult to evaluate how California compares with other states or 
countries. British Columbia, Canada, attempted to eradicate 2 of 43 accidentally 
introduced Lepidoptera (4.7%) (Gillespie and Gillespie, 1982). California’s rate 
is nearly three-fold higher. 

The greatest number of eradication targets came from North America with 
roughly equal numbers from Asia, the Pacific Region, and Tropical America. 
However, new introductions from these areas became the objects of CDFA erad¬ 
ication programs 3 to 4 times more often than those from North America (Table 
3). A x 2 analysis shows that new invaders from Asia are targeted for eradication 
significantly more often than expected based upon their proportion of all intro¬ 
ductions (x 2 = 5.67, P < 0.02). A similar analysis shows that Diptera are targeted 
for eradication significantly more frequently than expected (% 2 — 22.2, P < 0.001). 
Not surprisingly most of the new immigrants from Asia have been fruit infesting 
Diptera (Tables 1, 4). 

Although the average number of eradication programs per 5-yr period has risen 
consistently since 1970-1974, there is no significant difference in the number of 
programs started per 5-yr period (x 2 = 5.33, df = 6, P > 0.05). 

Since 1955, CDFA has not successfully eradicated any Homopteran. The success 
rate against Lepidoptera is 33.3% while those for Hymenoptera and Diptera were 
50% and 86%, respectively. All completed programs against Coleoptera have been 
successful, with one program in progress. 

Hawaii deserves special mention as the origin of exotic invertebrates coming 
to California. A total of 14 invaders originated in Hawaii (Table 1) which is equal 
to or greater than all other regions except North America and Europe (Table 3). 
Over 73% of all Pacific Region invaders came from Hawaii. These included three 
fruit flies targeted for eradication (Tables 1, 7). Each of these has invaded and 
been eradicated from California 2-17 times (Dowell, pers. comm.). In many 
respects Hawaii acts as a staging area that collects exotic invertebrates from which 
they then “jump” to California. 
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Effect on California 

Introduced invertebrates have a long history of causing extensive crop damage 
in California. Before the widespread use of resistant rootstocks, the grape phyl¬ 
loxera, Daktulosphaira vitifoliae, destroyed over 46,000,000 grapevines (Dowell 
and Krass, 1988). As late as 1978, this pest was credited with over $8,000,000 
damage to California grapes (Papp, 1979). The codling moth and Oriental fruit 
moth caused $6,365,000 and $7,782,000 in crop losses, respectively, in 1978 
(Papp, 1979). The pink bollworm (Pectinophora gossypiella ) increased azinphos- 
methyl use on California cotton 11-fold within 12 yr of its discovery to 93,440 
kg of active ingredient (AI) in 1977. Dowell (1983, 1985, unpubl. data) estimated 
that the fruit flies listed in Table 7 could cause crop losses in excess of $694,000,000 
per year should they become established in the state. These are losses after ap¬ 
propriate pesticides have been used. 

Application costs for these pesticides are estimated at $108,525,000 per year. 
Most alarmingly, it is estimated that annual commercial pesticide use could in¬ 
crease by 1,095,000 kg AI per year with annual residential pesticide use increasing 
by over 4,500,000 kg AI against these fruit flies. 

In addition to these costs, the presence of many of these pests could greatly 
interfere with current efforts to develop non-insecticidal controls for existing pests. 
Presence of the apple maggot could end efforts to develop pheromone confusion 
tactics for the codling moth. Sprays needed to control the apple maggot would 
overlap with the flight period of the codling moth. Since apple maggot insecticides 
are effective against codling moth and since they must be applied for the maggot, 
there is little to no incentive to develop alternate control technologies for the 
codling moth. Presence of the boll weevil could eliminate the use of pheromone 
confusion to control the pink bollworm. Use of pheromone confusion and good 
management practices have reduced pesticide use against this pest by 92% since 
1977. These insects share the same flight period and host. As with the apple 
maggot/codling moth situation, pesticides applied to control the boll weevil will 
also control the pink bollworm. 

The problems posed by these exotic pests are not confined to agricultural plant¬ 
ings. The eucalyptus borer ( Phoracantha semipunctata ) poses a serious threat to 
the extensive eucalyptus plantings in California. Large scale deaths of these trees 
can significantly increase the fire hazard in many areas. The fuchsia mite, Aculops 
fuchsiae ; woolly and cloudywinged whiteflies, Aleurothrixus floccosus and Di- 
aleurodes citrifolip southern green stinkbug, Nezara viridula ; oak scale, Kuwania 
quercus', and pepper tree psyllid, Calophya schini all pose significant problems to 
ornamental plants. 

The roaches, Periplaneta brunnea and P. fuliginosa, and the hornet, Vespula 
germanica, will become pests of our houses and persons. The Africanized honey 
bee has the potential of becoming a major public health problem. Each of these 
organisms has already caused or has the potential to cause measurable increases 
in pesticide use by homeowners. 


Conclusions 

Exotic plants and animals have already altered the California landscape. Eu¬ 
calyptus trees, annual grasses, yellow starthistle, English sparrows, starlings, honey 
bees, cabbage butterflies, brown garden snails, house flies, German cockroaches, 
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and Norway rats are examples of exotic organisms with which Californians deal 
on a daily basis. Most commercial crops including citrus, cotton, English walnut, 
alfalfa, and stone fruits were brought to California. As our data show, this flow 
of exotic immigrants poses serious threats to current efforts to reduce both agri¬ 
cultural and homeowner pesticide use, efforts to reestablish native plant com¬ 
munities (see Vitousek et al., 1987, for an example), and to develop sustainable, 
low input agriculture. Based upon this situation we conclude the following: (1) 
The immigration of exotic organisms cannot be stopped but we can prepare for 
their arrival. Such preparation includes developing data bases on the biology and 
control tactics for potential invaders. (2) An active biological control program is 
needed to seek, import, and establish natural enemies of these invaders. California 
has been extremely successful with this tactic. (3) Good pest management pro¬ 
grams are needed to enhance naturally occurring predators, and plant breeding 
programs are needed to develop pest resistant plant cultivars. Through such efforts 
California can and will continue to meet the challenges posed by the immigration 
of exotic plant and animal pests. 
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Host Discrimination by the Gregarious Parasitoid 
Oncophanes americanus (Hymenoptera: Braconidae) 

Alan L. Knight and Brian A. Croft 
Department of Entomology, Oregon State University, Corvallis, Oregon 97331. 


Abstract .—Tests of host discrimination by the external, gregarious parasitoid 
Oncophanes americanus Weed demonstrated that host size plays a significant role 
in determining both the number of eggs oviposited and the sex ratio of the para¬ 
sitoid progeny. Number of larvae developing per host averaged 1.4, 3.1, and 8.2 
for 3rd-, 4th-, and 5th-instar hosts, respectively. A high percentage of 2nd- and 
3rd-instar hosts were stung without oviposition. The percentage of female adult 
parasitoids emerging from hosts increased from 62% for 3rd instars to 81% for 
5 th instars. Superparasitism was defined in terms of the efficiency of host resource 
conversion (ERC) by the parasitoid larval cohort. ERC is equal to the ratio of the 
biomass of the mature larval brood to the initial host biomass available for 
consumption. For O. americanus parasitizing larvae of the leafroller Argynvtaenia 
citrana. (Fernald), significant increases in mortality of parasitoid larvae occurred 
at values of ERC > 0.6. 


Host discrimination by hymenopteran parasitoids can be defined as the be¬ 
havioral capacity to avoid superparasitism or multiple parasitism. Early reviews 
of this topic restricted their definition of host discrimination to the ability of a 
parasitoid to distinguish unparasitized from parasitized hosts (Vinson, 1976; Len- 
teren, 1981). This definition appears biased towards solitary species and does not 
adequately explain the discriminatory behavior of gregarious parasitoids. In ad¬ 
dition, to avoiding oviposition in parasitized hosts many gregarious species are 
able to discriminate the size of their host and regulate the number of eggs deposited 
(Klomp and Teerink, 1962; Purrington and Uleman, 1972). 

The nature of superparasitism by gregarious species differs in a number of ways 
from solitary species. First, the occurrence of superparasitism is dependent upon 
the relative size of the host and size and number of developing parasitized larvae. 
Therefore, egg frequency distributions on hosts cannot be used to detect super¬ 
parasitism. Secondly, competition by gregarious individuals on a host generally 
does not involve physical combat or physiological suppression. Instead, larval 
mortality is primarily due to starvation and sexual differences in survivorship 
may create pronounced alterations in the progeny’s sex ratio (Chacko, 1964; Wylie, 
1966). In addition to higher mortality, indirect effects such as decreased adult 
size, longevity, and fecundity commonly result from superparasitism. 

More recent studies of host discrimination and superparasitism in gregarious 
species have investigated the role of natural selection on parasitoid reproductive 
strategy (Hassell et al., 1983; Waage and Ming, 1984). These studies have provided 
a theoretical treatment of optimal sex ratio and clutch size which maximize adult 
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fitness (Chamov and Skinner, 1984). Yet these studies still do not adequately 
quantify the relation between available host resources and parasitoid larvae uti¬ 
lization which determine superparasitism for gregarious species. 

In this paper, we report data on the ability of the gregarious ecto-parasitoid 
Oncophanes americanus Weed to exercise host size discrimination as measured 
by the relation between host size and number of eggs deposited and the sex ratio 
of its progeny. In addition, we propose a definition of superparasitism based on 
the efficiency of resource (host) biomass conversion by the parasitoid. 

Materials and Methods 

Adult O. americanus were maintained in 1.7-liter screened cardboard containers 
and supplied with honey and water. The adult sex ratio of the colony was ap¬ 
proximately 10:1 female:male. The parasitoids were reared on larvae of the 
leafroller Argyrotaenia citrana (Femald) which is a common host for O. ameri¬ 
canus in caneberry, Rubus spp. in the Pacific Northwest (Coop, 1982). Host larvae 
were reared on a synthetic codling moth diet (BioServe, Frenchtown, NJ). Pupae 
were transferred to screened emergence containers where adults oviposited on 
folded wax paper strips. Eggs were harvested, rinsed in a 1 % chlorox solution and 
hatched in a glass bell jar. Both parasitoid and host colonies were reared at 25 ± 
1°C with a 16:8 (L:D) photoperiod. 

Individual host larvae were exposed to a single, mated O. americanus female 
(10-15 days old) in 28-ml plastic cups for 3 days. Initial stinging and beginning 
of oviposition occurred within 12-24 hr. The complete batch of eggs oviposited 
on any one host were generally laid within 12-36 hr. O. americanus eggs hatch 
within 24 hr and it was rarely observed that a parasitoid laid a second batch of 
eggs on its host during the experiment. Honey was provided in the cup for the 
parasitoid and a small block of artificial diet was provided as food and a refuge 
for the host. Prior to all experiments, host larvae were weighed and their head- 
capsules measured to determine their age class (Coop, 1982). 

To avoid disturbing the host and attached parasitoid eggs, counts of parasitoids 
per host were based on young larvae. If no larvae were observed after 2 days, 
hosts were carefully examined for eggs. In general, egg mortality was very low, 
ca. 1%. 

Superparasitism by a gregarious parasitoid was defined in terms of biomass 
conversion of the host. The efficiency of host resource conversion (ERC) is defined 
as equal to PAR/(HOS - REM) where PAR equals the combined weight of the 
entire brood of mature parasitoid larvae developing on a single host and weighed 
as a group after leaving their host and before pupation; HOS equals the host 
weight at the time of parasitism; and REM equals the biomass of the host which 
is not available to the parasitoid (this includes the cuticle and other chitinized 
structures). Remains of 50 heavily utilized hosts were weighed to assess the fraction 
of host biomass not available to parasitoids. REM was determined to be a linear 
function of HOS. REM = -0.214 + 0.133HOS; R 2 = 0.97, P < 0.001. 

Results and Discussion 

Adult female O. americanus attacked and paralyzed 2nd-5th-instar A. citrana, 
but seldom oviposited on hosts weighing <2 mg, i.e., 2nd and early 3rd instars 
(Table 1). A significant linear relationship ( R 2 = 0.86, P < 0.05) was found for 
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Table 1. Summary of parasitism of the host Argyrotaenia citrana by the gregarious ecto-parasitoid, 

Oncophanes americanus. 





Larval stadium 


Second 

Third 

Fourth 

Fifth 

Hosts exposed 

60 

120 

68 

115 

Hosts stung 

0 

23 

39 

71 

Hosts stung with no eggs 

35 

50 

18 

13 

Larvae in cohort 

0 

1.4 ± 0.33 

3.1 ± 1.35 

7.9 ± 3.61 

Sex ratio F/M 

— 

1.8 

2.7 

3.3 


host weight and number of eggs oviposited. The average number of eggs deposited 
per host leveled off on hosts larger than 30 mg. 

The average weight (±SD) of a 2nd-instar host larva was 0.3 ±0.15 mg, and 
a mature parasitoid larvae weighed 1.2 ± 0.38 mg. Obviously, a 2nd-instar host 
could not support the development of a single parasitoid. While over 50% of the 
2nd-instar hosts exposed were stung and killed, no eggs were deposited. 

Third-instar hosts averaged 2.2 ± 0.21 mg and could potentially support 1 or 
2 parasitoid larvae. Females oviposited on over 20% of this host size class and 
brood size averaged 1.4 ± 0.30 eggs per host. The biomass of hosts with two 
parasitoid larave was usually completely utilized before both larvae completed 
development, and survivorship of these parasitoids to the adult stage was low. 

Weight gain by the 4th- and 5th-instar hosts is rapid with the weight of 4th- 
and 5th-instar hosts averaging 7.8 ± 1.3 mg and 28.2 ± 3.3 mg, respectively. 
Over 40% of all 4th instars exposed were stung with no eggs deposited. Successful 
oviposition on stung 4th-instar hosts reached 57% and brood size averaged 3.1 
± 1.3 eggs per host. Superparasitization of the host was rare in this size class. 
Nearly 20% of the hosts were stung with no eggs deposited. 

Female parasitoids successfully oviposited on 62% of the 5th-instar hosts av¬ 
eraging 7.9 ± 3.6 eggs per host. Approximately, 20% of the hosts in this stage 
successfully pupated. Larvae about to pupate undergo morphological, as well as 
physiological, changes which appears to make them less suitable as hosts. O. 
americanus has not been reported to attack pupae (Coop, 1982). 

Under our standardized laboratory conditions, the parasitoid response to host 
size was significant. However, several other factors may have an important impact 
in influencing the variability in the number of eggs deposited under field condi¬ 
tions. Obligate synovigenic species such as Bracon hebetor require a blood meal 
before their eggs can complete maturation (Benson, 1975). In contrast, O. ameri- 
eanus is able to mature eggs prior to host feeding. A comparison of egg deposition 
by 10 females on their first and second host revealed that the number of eggs 
increased significantly (P < 0.05) following host feeding (3.23-7.62 eggs per host). 
If hosts are not encountered over a period of time ovisorption of mature eggs can 
occur (Flanders, 1956). Dissections of 10 2-week-old females found 9.4 ± 4.7 
eggs in their oviducts. Four-week-old females which had not been allowed to 
oviposit had 4.2 ±1.7 eggs. 

The number of host larvae stung without eggs deposited appears related to host 
size (Table 1). One explanation of the large number of‘empty’ hosts may be that 
O. americanus avoids ovipositing on dead larvae. The dosage of venom injected 
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Figure 1. Percent larval survivalship of Oncophanes americanus in cohorts developing on the host 
Argyrotaenia citrana as a function of the host resource conversion index (ERC). 


into smaller hosts can commonly cause premature death of the larvae (Beard, 
1972). In comparison, larger larvae will remain alive after stinging for several 
days and can recover if isolated from the parasitoid. Another explanation may 
be that O. americanus has different thresholds for stinging and ovipositing. Host 
movement and attractant chemicals associated with silk production are specific 
cues responsible for initial stinging by O. americanus (ALK, unpubl. data). In 
comparison, oviposition is probably cued to the size of the host (Sandlan, 1979). 

In haploid-diploid species, such as O. americanus, unfertilized eggs become 
males and fertilized eggs become females. Flanders (1965) suggested that for 
gregarious parasitoids, the sex ratio is likely modified by the ratio of oviposition 
and the secretional capacity of the spermathecal gland. The significant relationship 
between progeny sex ratio and host size (R 2 = 0.91, P < 0.001) in this study 
indicates that O. americanus actively regulates the production of fertilized eggs. 

Plotting the index, ERC against the percent larval parasitoid survival showed 
that survival rates did not significantly decrease until ERC was greater than 0.6 
(Fig. 1). Using this value to define superparasitism only 35 of the 350 host larvae 
exposed to O. americanus were superparasitized in our experiments. In compar¬ 
ison, the average value of ERC calculated for all 5th instars in = 115) parasitized 
was 0.32 ± 0.15 in these experiments. 

Superparasitism is known to affect the sex ratio of the surviving progeny (Wylie, 
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1966; Benson, 1975; Sandlan, 1979). Because male O. americanus larvae are 
smaller and develop more rapidly (0.8 ±0.15 mg, 4.2 ± 0.35 days at 25°C) than 
female larvae (1.2 ± 0.22 mg, 4.9 ± 0.31 days at 25°C) competition for limited 
host resources would be expected to decrease female survivorship. In our exper¬ 
iments, the sex ratio from 15 superparasitized 5th instars (ERC > 0.6) was ca. 
1:1 (M = 74, F= 72). 

The results from this study suggest that host discrimination is probably an 
important factor affecting the population dynamics of O. americanus. Further 
study is needed to assess the occurrence of superparasitism in field populations. 
In addition, our study supports stronger recognition for the role of host size 
variability in studying parasitoid-host dynamics, especially temporal synchrony 
and interspecific competition within parasitoid guilds. 
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Observations on Scutellista cyanea Motsch. 
(Hymenoptera: Pteromalidae) 

L. E. Ehler 

Department of Entomology, University of California, Davis, California 95616. 


Abstract. —Scutellista cyanea Motsch. is a facultative parasite/predator of black 
scale ( Saissetia oleae (Olivier)) which is relatively common on olive in northern 
California. An analysis involving >50 trees and at three spatial scales revealed 
that percent of ovisac-stage scales attacked by S. cyanea in relation to scale density 
was either density independent (among twigs within a tree) or inversely density 
dependent (among trees averaged by site, all trees regardless of site). The overall 
rate of attack was relatively low in each case. As a consequence, S. cyanea probably 
had a limited impact on the scale populations under investigation. The ability of 
Scutellista to satisfactorily control its host is also limited by factors intrinsic to 
the natural enemy itself. 


Black scale, Saissetia oleae (Olivier), is a polyphagous, cosmopolitan soft scale 
which was introduced into California over 100 years ago. It first became a target 
for classical biological control ca. 1890, and over the years, ca. 50 species of exotic 
predators and parasites have been introduced and released in the state (Smith and 
Compere, 1928; Flanders, 1965; Bennett et al., 1976; Bartlett, 1978). As a result, 
several species are established and provide substantial to complete levels of bi¬ 
ological control of black scale on both citrus and olive. Of these exotic natural 
enemies, one of the most conspicuous is Scutellista cyanea Motsch. (Hymenoptera: 
Pteromalidae). It is a rather unusual natural enemy because it can develop either 
as a parasite (=parasitoid) or a predator. The female inserts the egg through the 
posterior arch of the third-instar female scale, and if no host eggs have been 
deposited, the Scutellista larva can develop as an ectoparasite of the scale. If the 
scale has deposited eggs, the larva develops as an “egg predator.” During the 
recent eradication campaign directed against Mediterranean fruit fly, Ceratitis 
capitata (Wiedemann), Ehler and Endicott (1984) assessed the effects of malathion- 
bait sprays on the biological control of various insect pests, including black scale 
on olive. Scutellista was one of the more common natural enemies of black scale 
in the study zone, and as a consequence, a considerable amount of data relative 
to its ecological impact was obtained. The purpose of the present paper is to assess 
these data, with particular reference to spatial variation in attack rates. 

Materials and Methods 

Ehler and Endicott (1984) sampled 108 olive trees in western Stanislaus County 
on three dates in 1982 and one date in 1983. Fifty-four trees were sampled in 
both the medfly spray zone and the adjacent unsprayed area; trees in the former 
were distributed among 13 sites, compared to 15 sites for the latter. There is 
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Figure 1. Relationship between (1) percent of ovisac-stage black scales attacked by Scutellista and 
(2) number of ovisac-stage scales per twig on tree no. 73 (9-10 Aug. 1982). Regression/correlation 
statistics as follows: Y = 39.26 -I- (-0.29X), r 2 = 0.06, P = 0.23. Line represents grand mean (35.4) 
rather than calculated regression line. 
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essentially no commercial olive production in the region and therefore the study 
was restricted to dooryard and roadside trees. Actually, this was advantageous 
because the trees chosen were not subject to chemical insecticides—neither in 
recent years nor during the course of the investigations. On each sample date 24 
twigs were removed from around the skirt of the tree, placed in a plastic bag, 
transferred to the laboratory, and stored at 10°C. At a later date twigs were 
examined with the aid of a dissecting scope in order to determine scale density 
and parasitization/predation. 

With respect to Scutellista, the proportion of scales attacked in relation to scale 
density was assessed for three spatial scales. These were as follows: (1) individual 
twigs from the same tree; (2) individual trees, averaged by site; and (3) individual 
trees, without regard to site. Female black scales develop through three instars; 
the third instar is generally divided into the nongravid, gravid and ovisac stages. 
Scutellista characteristically exploits the ovisac stage, and in the present paper, 
its ecological impact is expressed in terms of the proportion of ovisac-stage black 
scale attacked in relation to the number of these scales per unit. The present 
analysis is based on data from the 54 trees in the unsprayed area during 1982 
(sample dates: 8-10 Mar., 25-26 May, 9-10 Aug.) and from all 108 trees in 1983 
(sample date: 30 Mar.). The trees from the spray zone were included in the latter 
case because the last malathion-bait spray was applied on 13 March of the pre- 
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Figure 2. Relationship between (1) average (±SEM) percent of ovisac-stage black scales attacked 
by Scutellista and (2) average number of ovisac-stage scales per 24 twigs per tree per site. Regression/ 
correlation statistics as follows: Y = 11.07 + (-0.65X), r 2 = 0.71, P = 0.04. Last three points represent 
average for sites with 3-5, 7-8, and > 10 scales per 24 twigs. Sample sizes for points left to right = 
19, 8, 7, 5, and 8. 

ceding year. One tree yielded a sufficient number of twigs infested with ovisac- 
stage scales to permit an analysis of spatial density dependence among twigs on 
the same tree. For the remaining two spatial scales, it was necessary to pool data 
from all sites and sample dates, so that the resulting relationships contain both 
spatial and temporal elements. 

Results and Discussion 

The relationships between scale density and proportion attacked by Scutellista 
for the three spatial scales are shown in Figures 1-3. For tree no. 73 on 9-10 
August 1982, proportion attacked was independent of density per twig (Fig. 1). 
This is a proper measure of spatial density dependence, and the lack of a direct 
response is consistent with the hypothesis that Scutellista does not aggregate in 
areas (twigs) of high host density within the tree. Flowever, this hypothesis requires 
further testing. With respect to sites, the proportion attacked was inversely density 
dependent—i.e., average proportion attacked (per tree) at a given site was inversely 
related to average density (Fig. 2). The data in Figure 2 are grouped into five 
categories along the X-axis and the regression is based on mean values for these 
groups. A regression based on all points {n = 47) revealed a density-independent 
relationship [Y = 10.97 + (—0.66X), r 2 = 0.01, P = 0.23]. The proportion of 
scales attacked per tree—regardless of site—was also inversely density dependent 
(Fig. 3). The latter two analyses are spatial/temporal in scope and are not (in the 
strict sense) relevant to the current debate over the incidence and importance of 
spatial density dependence. However, these analyses do give a regional view of 
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Figure 3. Relationship between (1) average (±SEM) percent of ovisac-stage black scales attacked 
by Scutellista and (2) number of ovisac-stage scales per 12 twigs per tree, regardless of site. Regression/ 
correlation statistics as follows: Y = 14.93 + (- 1.36X), r 2 = 0.67, P= 0.01. Last three points represent 
average for trees containing 5-6, 7-9, and >10 scales per 12 twigs. Sample sizes for points left to right 
- 42, 27, 10, 10, 10, 9, and 13. 


the host-enemy interaction. Nevertheless, the relatively low rates of attack, and 
the lack of direct density-dependent responses, clearly indicate that Scutellista 
had a limited impact on black scale populations in the study area. 

The ability of Scutellista to satisfactorily control black scale is also limited by 
factors which are intrinsic to the natural enemy itself. It is well established that 
the Scutellista larva does not necessarily eat all of the host eggs available to it. 
As the number of eggs deposited is a function of scale size, the predation rate 
also varies with host size. For example, Quayle (1911) noted that virtually all of 
the eggs associated with relatively small scales (<500 eggs/female) were consumed 
by a single Scutellista, whereas many remained (and eventually hatched) after a 
larva completed development in a larger host (>2000 eggs/female). Mendel et al. 
(1984) provided more precise estimates of predation rates. They found that during 
the winter, female scales were relatively small (<400 eggs/female) and a single 
Scutellista would destroy up to 90% of the eggs. In contrast, scales during the 
spring were much larger (700-1200 eggs/female) and a single Scutellista would 
only consume up to 50% of the eggs. Such a situation would be compounded 
when a Scutellista female oviposited under a female scale after the scale’s eggs 
had begun to hatch. Thus, even relatively high rates of attack by Scutellista may 
very well have a limited effect on the scale population. In this context, Ehler 
(1978) compared the number of first- and second-instar scales on isolated olive 
twigs containing one mummified female scale and found that progeny per twig 
for scales attacked by Scutellista was ca. one-third that observed for non-attacked 
or non-parasitized scales. In the present case, analysis of data from 9 to 10 August 
1982 revealed a similar trend—i.e., an average of 18.7 immature scales on twigs 
containing a single female (n = 26) compared to 7.13 immature scales on twigs 
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containing a single female from which a Scutellista had emerged (n = 8). However, 
this difference was not significant (t = 1.37, P = 0.09). 

In future biological-control programs, some attention should perhaps be given 
to natural enemies whose efficiency is limited by “intrinsic” factors. Whether or 
not to introduce these natural enemies should probably be assessed on a case-by¬ 
case basis. For example, a species such as Scutellista could pose a special problem 
if it attacked a relatively high proportion of the hosts (but had little ecological 
impact) and subsequently precluded the establishment of additional, more valu¬ 
able species (i.e., competitive exclusion). The possibility of competitive suppres¬ 
sion of more effective, established species by an intrinsically limited species should 
also be considered. In the case of black scale in California, the role of Scutellista 
in competitive exclusion of introduced species and in competitive suppression of 
established ones is not clear; some future research on this matter would seem 
warranted. 
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North American Pterocheilus. I. Subgenus Onchopterocheilus 

(Hymenoptera: Eumenidae) 

Richard M. Bohart 
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Abstract. —The subgenus Onchopterocheilus Bohart is characterized by having 
the last 2 antennal segments much reduced in the male. This western North 
American group contains 14 species including 4 new ones: aridulus, lustratus, 
russulus, and salis. Descriptions are augmented by keys and illustrations. 


Since my revision of the genus in 1940 (Ann. Ent. Soc. Amer., 33:162-208) 
and a supplementary paper in 1950 (Proc. Biol. Soc. Wash., 63:195-202), 4 new 
species of subgenus Onchopterocheilus Bohart have been discovered and are de¬ 
scribed herein. This brings the total to 14, all occurring west of the 100th meridian 
in the United States and northern Mexico. 

The subgenus has basket-forming labial palpi in the female, common to all 
species in the genus. However, the male is unique in Pterocheilus by having the 
last 2 antennal articles much reduced, forming a small hook (Fig. 16) or mostly 
contained within the third to last article (Fig. 17). Females differ from those of 
subgenus Micropterocheilus by their stout, 5-toothed mandibles (Fig. 9). This 
feature does not distinguish them from subgenus Megapterocheilus, but species 
of the latter are nearly all larger, the clypeus less polished, and the metanotum 
less bulging. Nevertheless, the subgeneric characters of the male are more dis¬ 
tinctive than those of the female. The aedeagus of Onchopterocheilus is unique 
in having stout teeth mediolaterally (Fig. 22). 

Holotypes are deposited in the University of California Bohart Museum (DA¬ 
VIS). Paratypes will be distributed to other museums as far as possible. 

Abbreviations used in the keys and descriptions: F-I etc., flagellomere; MOD, 
median ocellus diameter; T-I etc., tergum; S-I etc., sternum. 

Keys to the Subgenus Onchopterocheilus 

Males 

1. Antennal hook tiny, largely concealed within F-IX, in any case not ex¬ 

tending half of ventral length of F-IX (Figs. 17, 18) . 2 

Antennal hook small but extending at least half of ventral length of F-IX 
(Figs. 15, 16). 8 

2. Legs mostly red and white (or rarely red and pale yellow) . 3 

Legs mostly black and yellow or pale yellow, no appreciable red . 5 

3. T-II weakly and finely punctate medially. russulus Bohart 

T-II coarsely punctate medially . 4 

4. T-II with large attached spots, usually extensively reddish . .sculleni Bohart 

T-II with free spots, if any; not reddish . laticeps Cresson 
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Figures 1-24. 1-8. Color pattern, tergum II. 9. Face. 10-14. Clypeal color pattern. 15-18. Last 3 

antennal segments. 19-21, 23, 24. Right digitus. 22. Flattened aedeagus and digitus. Figures 1-14, 
females (dense stipple is black, light stipple is red); 15-24, males. 


5. T-II with attached yellow spots which approach each other medially 

(as in Fig. 4), punctation of T-II coarse, T-I without appreciable erect 

hair ... 6 

T-II without free or attached spots (as in Figs. 5, 6), punctation of II line 
to moderate, T-I with some erect hair . 7 

6. Midfemur with a prominent basoventral knob, T-II medially rough ... 

. hurdi Bohart 

Midfemur without a prominent basoventral knob, T-II not rough me¬ 
dially . trachysomus Bohart 

7. Scutellum and propodeum dark, clypeal apex with a fine fringe of silvery 

hair . lustratus Bohart 
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Scutellum and propodeum with yellow spots, clypeal apex bare. 

. comptus Cresson 

8. T-II black and yellow, or nearly all yellow. 9 

T-II black and whitish . 12 

9. T-II with attached yellow spots which approach each other medially, or 

nearly all yellow. 10 

T-II posterior yellow band usually u-shaped but in any case without 
converging spots. 11 

10. T-II and rest of body nearly all yellow . pimorum (Viereck) 

T-II with a roughly x-shaped median black mark, body not nearly all 

yellow. micheneri Bohart 

11. Propodeum with a longitudinal sublateral ridge, midfemur with a baso- 

lateral depression extending half its length. timberlakei Bohart 

Propodeum not ridged, midfemur without a depression .. bakeri Cameron 

12. Hindfemur with considerable red coloration distally. 13 

Hindfemur with little or no red coloration distally . 14 

13. T-II with large, free, white spots; clypeus not darkened toward apex ... 

. aridulus Bohart 

T-II without free spots or only tiny ones; clypeus usually darkened toward 
apex . panamintensis Bohart 

14. T-II with spots that are attached or nearly so, and that approach each 

other medially, fore wing membrane strongly yellowed, scutellum usu¬ 
ally with 2 white spots . salis Bohart 

T-II without attached spots, or these not approaching each other medially, 
forewing membrane mostly clear, scutellum usually all or nearly all 
black. hirsutipennis Bohart 

Females 

1. Abdomen black and yellow, at least on T-I-II . 2 

Abdomen black and whitish, often with red; red and white; red and 

yellowish, or nearly all yellow. 7 

2. T-II posterior band without attached yellow spots which approach each 

other medially (Figs. 6, 7) . 3 

T-II posterior band with attached yellow spots which approach each other 
medially (Fig. 4). 5 

3. Clypeal apex sharply truncate (Fig. 12), yellow markings of T-II some¬ 

what u-shaped, T-III-V yellow marked . bakeri Cameron 

Clypeal apex not sharply truncate, other characters various. 4 

4. Propodeum with a distinct, sublateral, longitudinal ridge; T-III-V whit¬ 

ish; T-II pale markings somewhat u-shaped (Fig. 7); T-I summit without 

semi-erect hair . timberlakei Bohart 

Propodeum rounded sublaterally, all tergal marks yellow, those of T-II 
not u-shaped (Fig. 6); T-I summit with considerable semi-erect hair 
. comptus Cresson 

5. T-II with medial punctures quite fine and sparse, scutum without yellow 

stripes. micheneri Bohart 

T-II with medial punctures moderate to coarse, scutum various . 6 
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6. T-II with medial punctures close, coarse, making texture rough, scutum 

with a pair of yellow stripes . hurdi Bohart 

T-II with medial punctures moderate, separated by shagreening, scutum 
without yellow stripes . trachysomus Bohart 

7. T-II medially with coarse, rather close, well impressed punctures . 8 

T-II medially with fine to moderate, well spaced, weakly impressed punc¬ 
tures . 10 

8. Clypeus with median black areas coarsely, somewhat longitudinally, 

punctate; T-I-II without red . panamintensis Bohart 

Clypeus with median black or red area not coarsely punctate; T-I-II 
sometimes with considerable red . 9 

9. Clypeus medially black, sometimes red toward apex, pale spots of scu- 

tellum separated by more than 1 MOD . laticeps Cresson 

Clypeus red and white or all red, without black (Fig. 10), pale spots of 
scutellum separated by 1 MOD or less . sculleni Bohart 


10. T-I and/or II extensively reddish (Figs. 3, 5). 11 

T-I or II not extensively reddish (Figs. 1, 2, 8) . 12 


11. Pronotum and scutellum extensively red, clypeus white with a median 

red mark (Fig. 14) . russulus Bohart 

Pronotum and scutellum not red, clypeus white with a median black 
mark, clypeal apex usually red (Fig. 11) . aridulus Bohart 


12. T-II pale band with 2 (or 3) small but definite indentations in front (Fig. 

2). 13 

T-II nearly all yellow (Fig. 8) or pale band with attached and converging 
spots (Fig. 1) . 14 

13. T-I with abundant, erect, fulvous hair, propodeum all dark . 


. lustratus Bohart 

T-I without noticeable erect hair, propodeum with a lateral pale spot 

... hirsutipennis Bohart 

14. Clypeal apex rather squarely truncate, abdomen mostly yellow (Fig. 8) 

. pimorum Viereck 

Clypeal apex rounded truncate (Fig. 9) abdomen black and white, T-II 
white band with attached and converging spots (Fig. 1) .... salis Bohart 

Pterocheilus ( Onchopterocheilus ) aridulus Bohart, New Species 

Male holotype. —Length 9 mm. Black and whitish as follows: scape in front, 
clypeus, interantennal spot, lower orbit, postocular strip, pronotum above, scu- 
tellar spots, metanotum mostly, femora distally, tibiae outwardly, upper meso- 
pleural spot, posterolateral propodeal spot, posterior bands on T-I-VI and S-II, 
free spots on T-II, lateral spots on S-III-V; orange red are: flagellum inwardly, 
legs partly; wings nearly clear. Pubescence silvery, pollinose on terga. Punctures 
fine on clypeus, moderate and slightly spaced on frons and T-II, coarse and about 
a puncture diameter apart on scutum, coarse and mostly close on scutellum and 
mesopleuron. F-X-XI small but reaching halfway to base of F-IX (Fig. 16), 
clypeal apex slightly convex, midfemur with a slight basoventral knob, cuspis 
shoe-like (Fig. 24). 

Female. — Length 9.5 mm. About as in male except: clypeus with a black median 
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band and reddish apex; orange red on propodeum laterally, legs extensively, T-I- 
II discally, S-II partly; no free white spots on T-II (Fig. 5). 

Types.—Holotype male: Lone Pine Creek, Inyo Co., California, VI-6-39, on 
Eriogonumfascictdatum (R. M. Bohart, DAVIS). Paratypes: 17 males, 14 females, 
V-14-VIII-15. California. Lone Pine Creek, Independence, Antilope Springs, Ma¬ 
zurka Canyon, and Darwin Falls, Inyo Co.; Benton, Mono Co. Nevada. Nixon, 
7 mi E Hiko, Wadsworth, Pyramid Lake, and 10 mi S Wendover. Utah. Paradise 
Canyon and Snow Canyon, Washington Co.; Riverside, Clark Co.; 30 mi S Park 
Valley. Arizona. 18 mi S Gila Bend. Sonora. 5 mi S Magdalena. 

Discussion.—P. laticeps now turns out to be a group consisting of 3 closely 
related species, laticeps, aridulus, and russulus [all with similar digitus (Figs. 21, 
23, 24)]. In aridulus the male antennal hook is largely external (Fig. 16) in contrast 
with the other 2 species; and T-II has large, detached whitish spots. Both sexes 
have relatively fine punctation on T-II. This does not separate females from 
russulus, but in that species females have the pronotum and scutellum extensively 
red. 


Pterocheilus ( Onchopterocheilus) lustratus Bohart, New Species 

Male holotype.— Length 9 mm. Black and whitish yellow as follows: scape in 
front, mandible dot, clypeus, postocular dot, pronotum above, tegula partly, meta- 
notal spot, upper mesopleural spot, femora distally, tibiae and tarsi mostly, pos¬ 
terior bands on T-I-III and S-II-VT; inner aspect of flagellum orange red; wings 
weakly stained. Pubescence silvery on clypeus and slightly protruding in front of 
apex, inconspicuous elsewhere except dark and erect on frons, abundant and erect 
on T-I. Punctation: quite fine on clypeus, moderate and close on frons, scutum, 
mesopleuron, and terga. F-X-XI tiny, mostly hidden in F-IX (Fig. 17); clypeal 
apex weakly concave-truncate; midfemur simple; cuspis clavate (Fig. 19). 

Female.— About as in male except: clypeus with a longitudinal median black 
band, or black with a pair of lateral whitish spots (Fig. 13); T-I-VI with white 
bands (Fig. 2), S-II white banded, S-ITI-V with lateral white spots; tarsi dark. 

Types.—Holotype male: Kramer Hills, San Bernardino Co., California, IV-11- 
64 (R. M. Bohart, DAVIS). Paratypes: 13 males, 23 females, III-ll-V-3. Cali¬ 
fornia. Kramer Hills, 6 mi W Inyokern, Kern Co.; Little Rock and 10 mi S 
Lancaster, Los Angeles Co.; 5 mi SW Lucerne Valley, Apple Valley, and Desert 
Springs, San Bernardino Co.; Deep Canyon and Joshua Tree Monument, Riv¬ 
erside Co. 

Discussion. — An apparently close relative of lustratus is the much commoner 
hirsutipennis. However, lustratus males have the antennal hook much reduced 
(Fig. 17) and both sexes have T-I quite hairy. 

Pterocheilus ( Onchopterocheilus) russulus Bohart, New Species 

Male holotype. —Length 9 mm. Black, white, and orange red; white are: scape 
in front, clypeus, lower orbit, postocular dot, pronotum above, tegula, metanotum 
mostly, upper mesopleural spot, propodeal dot and valve; spots or stripes on 
coxae, femora, tibiae; posterior bands on T-I-VI and S-II, lateral spots on S-III— 
V; orange red are: mandible, inner aspect of flagellum, legs extensively, wings 
weakly stained. Pubescence silvery on clypeus, otherwise inconspicuous. Punc¬ 
tation weak on clypeus, moderate and close on frons and notum, moderate on 
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terga, T-II a little shiny. F-X-XI tiny, mostly hidden in F-IX (Fig. 18), clypeal 
apex weakly convex; midfemur simple; cuspis shoe-like (Fig. 21). 

Female. —Length about 10 mm. Markings as in male except: orange red on 
median longitudinal clypeal band (Fig. 14), pronotum anteriorly and laterally, 
scutellum except laterally, propodeum partly, T-I basolaterally, T-II (Fig. 3) and 
S-II discally. 

Types.—Holotype male: Surprise Canyon, Inyo Co., California, V-9-58 (R. M. 
Bohart, DAVIS). Paratypes: 10 males, 23 females, IV-2-V-30. California. Surprise 
Canyon and Lone Pine, Inyo Co.; Taquitz Canyon and Deep Canyon, Riverside 
Co.; Borrego Valley, San Diego Co. Arizona. Maran, Wickenburg, 5 mi N Florence, 
Organ Pipe Park, Quartzite. Nevada. Near Riverside and 10-29 mi SW Mesquite, 
Clark Co. 

Discussion.— As in laticeps , the male antennal hook is reduced (Fig. 18) and 
reddish markings are extensive, at least on the legs. However, both sexes of russulus 
have T-II punctation relatively fine, and females have the pronotum and scutellum 
mostly red. 

Pterocheilus ( Onchopterocheilus ) salis Bohart, New Species 

Male holotype.— Length 10.5 mm. Black and white as follows: scape in front, 
clypeus, mandible, lower orbit, interantennal dots, postocular strip, pronotum 
above, scutellar spots, metanotal band, upper and lower mesopleural spots, large 
propodeal lateral spot, legs extensively, broad posterior bands on T-I-VI, that on 
II with attached spots (as in Fig. 1), S-I-VI broadly; orange red on flagellum 
inwardly and a little on midfemur medially; wings reddish stained. Pubescence 
silvery on clypeus, inconspicuous elsewhere. Punctation fine on clypeus, moderate 
and close on frons, more coarse on scutum, moderate on tergal apices, fine at 
middle of T-II. F-X-XI small but nearly reaching base of F-IX (Fig. 15), clypeal 
apex nearly truncate, midfemur simple, flattened aedeagus and shoe-like cuspis 
(Fig. 22). 

Female. —Length 11.5-12.0 mm. About as in male except: clypeus blackbasally, 
whitish medially, reddish apically (Fig. 9), mandible pale yellow but orange tinted, 
legs with more orange including tarsi mostly, clypeus a little striatopunctate, not 
polished, T-II markings (Fig. 1). 

Types.—Holotype male: Alkali Lake, Lake Co., Oregon, VII-26-86, on Chrys- 
othamnus (R. M. Bohart, DAVIS). Paratypes: 6 females, same data as type; 4 
males, 2 females, topotypical but collected VII-17-88. 

Discussion. —P. salis is the largest species in the subgenus, the females exceeding 
11 mm in length. Since it is known only from the type series, little can be said 
about variation or distribution. Among black and whitish species with large at¬ 
tached spots on T-II (Fig. 1) and rather fine T-II medial punctation, salis is 
distinguished in the male by the mostly external antennal hook (Fig. 15), and in 
the female by the rounded-truncate clypeal apex (Fig. 9). All females of the type 
series have a 3-pronged black blotch on the clypeus, but it varies considerably in 
extent. One of the male paratypes has the spots of T-II narrowly disconnected 
from the apical band. 
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Scientific Note 

Familial Placement of Atenizoides curacaoae 
(Coleoptera: Cerambycidae, Anthicidae) 

Gilmour (1968, The Coleoptera Cerambycidae of Curasao, Bonaire and Aruba, 
Studies on the fauna of Curacao and other Caribbean Islands, 100:81-179, pis. 
IX-XYII) described a new genus and species of Methiini Cerambycidae from 
Curasao, Netherlands Antilles. During a revision of the Caribbean members of 
the Methiini, we became concerned as to the correct familial placement of this 
anomalous species, as the illustration (loc. cit., pi. X) clearly showed a eurygeniine 
anthicid. Upon examining the holotype, housed in the Doncaster Museum we 
confirmed that this genus/species belongs indeed to the Eurygeniinae Anthicidae 
NEW PLACEMENT (classification follows Lawrence, J. F., 1982, Coleoptera in 
Synopsis and classification of living organisms, McGraw-Hill, pp. 482-553). 

The situation that lead to this mistake is partially due to the missing metatarsi 
of the holotype, which would have immediately shown the heteromerous con¬ 
dition of the species. The holotype is also missing the apical segments of the 
maxillary palpi, and no topotypic material is available to us. Therefore, we cannot 
further place this genus within the current classification of the tribe, which relies 
heavily upon this character source (Arnett, R. H., Jr., 1968, The beetles of the 
United States, American Entomological Institute). 

Acknowledgments.— We would like to thank Dr. J. A. Chemsak, University of 
California, Berkeley, for calling this situation to our attention, and Dr. P. Skid¬ 
more, Doncaster Museum and Art Gallery, for loaning the holotype of Atenizoides 
curacaoae. 

T. Keith Philips and Michael A. Ivie, Department of Entomology, Montana 
State University, Bozeman, Montana 59717. 
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Toxicity of Water Extracts of Murraya paniculata Jack Leaves 
to Immature Citrus Blackfly, Aleurocanthus woglumi Ashby 

(Homoptera: Aleyrodidae) 

Robert V. Dowell 

1681 Pebblewood Dr., Sacramento, California 95833. 


Abstract.—Murraya paniculata Jack is a rutaceous plant whose leaves contain 
a water soluble toxin that can kill the eggs and nymphs of the citrus blackfly, 
Aleurocanthus woglumi Ashby, with topical exposure. The toxin is not soluble in 
non-polar organic solvents, can effect 100% mortality with a 1 -min exposure and 
looses its effectiveness rapidly with dilution. 


The citrus blackfly (CBF), Aleurocanthus woglumi Ashby, is an aleyrodid of 
Asian origin that has been spread to most of the citrus growing regions of the 
world (Mound and Halsey, 1978). Highly polyphagous, CBF has been reported 
infesting plants from 63 genera in 37 families (Mound and Halsey, 1978; Dowell 
and Steinberg, 1979). Female CBF will oviposit on a number of plants incapable 
of supporting complete development of their offspring (Shaw, 1950; Howard and 
Neel, 1977; Dowell and Steinberg, 1979). One such plant is orange-jessamine, 
Murraya paniculata Jack; a rutaceous plant that can be as attractive as Citrus spp. 
to ovipositing CBF females. All immature CBF on M. paniculata die in the first 
instar (Shaw, 1950; Dowell et al., 1977). 

This study was designed to evaluate whether a toxin or an antifeedent is re¬ 
sponsible for the mortality of immature CBF on M. paniculata and to elucidate 
some of the properties of the responsible chemical. 

Materials and Methods 

Two hundred g of air-dried M. paniculata leaves were ground with 1200 ml of 
methylene chloride for 10 min. The mixture was filtered and dried to a paste 
under vacuum. The paste was mixed with 100 ml of water and then partitioned 
against 100 ml of organic solvent (Table 1). The water fraction was tested directly. 
The solvent fraction was dried and the resulting paste mixed with 40 ml of water 
for testing. 

For testing, 40 ml of the fraction was poured into the bottom half of a 10 x 
100-mm petri dish. The fraction was then brought into contact with the lower 
surface of a citrus leaf harboring a known number of first-instar CBF for 5 min. 
The excess liquid was then removed and the subsequent survival of the CBF 
noted. Controls used tap water partitioned against each solvent and citrus leaves 
treated as described above. There was enough acid chloroform and chloroform 
left in the paste of these fractions to remove the cuticle of the leaf making testing 
impossible. 

Later tests using a 2:1 (weight: volume) extraction of fresh M. paniculata or 
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Table 1. Survival of immature citrus blackfly exposed to water extracts of M. paniculata leaves 
partitioned against organic solvents. 


Solvent 

% survival 

Water fraction 

Solvent fraction 

Acid chloroform 

11.8 (490) 

_I 

Chloroform 

2.9 (206) 

_l 

Hexane 

13.3 (638) 

40.2 (411) 2 

Petroleum ether 

10.6 (653) 

47.2 (286) 2 

Xylene 

7.0 (400) 

67.1 (36) u 

Unpartitioned extract 

1.6 (571) 3 

— 

Water control 

72.2 (644) 4 

68.0 (250) 

Citrus control 

71.2 (846) 

70.2 (200) 5 


1 Solvent residues removed leaf cuticles making testing impossible. 

2 Survival of CBF exposed to solvent fraction significantly greater than water fraction (P < 0.01) {t 
- 7.67, df = 7; t = 10.28, df = 7; t = 9.1, df = 7, respectively). 

3 No significant differences in citrus blackfly survival among water fractions (.F = 1.48, df = 5,21, 
P > 0.05). 

4 Survival of water control significantly greater than water extracts (F = 11.11, df = 6,24, P < 0.01, 
SD = 6.2). 

5 No significant differences in survival rates in this column (.F = 0.07, df = 4,8, P > 0.05). 


citrus leaves and CBF eggs instead of first-instar nymphs gave identical results as 
the original extraction and testing processes. All tests reported herein used the 
water extraction process and tested CBF eggs. 

A second series of tests varied the length of exposure of the CBF to the water 
fraction (30, 120, 240, 300 sec). I also tested the effect of diluting the extract with 
water (1:1, 1:4, 1:9) on CBF survival. 

Results and Discussion 

Partitioning with organic solvents did not significantly reduce the toxicity of 
the water fraction to immature CBF (F = 1.48, df = 5,21, P > 0.05). Survival of 
CBF exposed to the solvent fraction was not significantly different from those 
exposed to the water control (F = 0.07, df = 3,12, P > 0.05). CBF exposed to 
the water fractions after partitioning with hexane, petroleum ether and xylene had 
significantly reduced survival compared to CBF exposed to the solvent fraction 
for each solvent ( t = 7.67, df = 7, P < 0.001; t = 10.28, df = 7, P < 0.001; t = 
9.1,df=7, P < 0.001, respectively). Exposure to the water fraction significantly 
reduced CBF survival compared to the water control (F = 11.11, df = 6,24, P < 
0.01). Extracts of citrus leaves had no effect on CBF survival (Table 1). 

A 30-sec exposure to the water extract killed 94.4% of exposed CBF. Longer 
exposures resulted in nearly 100% mortality. Diluting the water extract rapidly 
reduced its effectiveness. The undiluted extract killed 100% of exposed CBF while 
a 1:1 dilution killed 49.1%, a 1:4 dilution killed 14.8% and a 1:9 dilution killed 
25.1%. 

These results provide considerable information about the chemical(s) respon¬ 
sible for the mortality of immature CBF on M. paniculata. The chemical is a 
toxin; not an antifeedant as it kills the CBF eggs and nymphs with topical exposure. 
The toxin is soluble in water but not in non-polar organic solvents like chloroform 
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or hexane. The toxin passes through the CBF cuticle; if it killed by physical means 
such as suffocation there would have been significant mortality in tests using the 
citrus extracts. A short exposure (<60 sec) is sufficient to cause 100% mortality 
of exposed CBF and efficacy is lost with a 50% dilution. 

Identification of the toxin was beyond the scope of this study. But a review of 
available literature yields an interesting candidate for this toxin. Scopine is a 
coumarin glycoside found in the Solanaceae and in M. paniculata (Paris, 1963). 
It is soluble in water and ethanol but not in non-polar organic solvents (Weast, 
1987; Weast and Astle, 1985) and it is not found in other rutaceous plants such 
as citrus (Paris, 1963). Although scopine fits the general attributes of the toxin 
described herein, confirmation of these suspicions must await further tests. 
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Three New Grasshoppers from the Western United States 

(Orthoptera: Acrididae) 

Yin Xiangchu and Robert L. Smith 

(YX) Northwest Plateau Institute of Biology, Academia Sinica, Xining, Qinghai, 
China; (RLS) Department of Entomology, University of Arizona, Tucson, Arizona 
85721. 


Abstract. — Three new species of grasshoppers in two genera {Paraidemona Bru¬ 
ner, 1893 and Oedaleonotus Scudder, 1897) were discovered in the University of 
Arizona insect collection. These are described and incorporated into new keys of 
their respective genera. 


During the summer of 1987, the senior author of this contribution visited the 
United States and systematized the grasshoppers (Acrididae) in the University of 
Arizona, Department of Entomology, insect collection. Therein, he discovered 
three new species from the western United States. We describe these species below 
and present keys to Paraidemona Bruner, 1893 and Oedaleonotus Scudder, 1897 
that incorporate the new species. Core references used to produce the descriptions 
and revised keys contained herein were in Hebard (1918, 1919, 1920), Rehn and 
Hebard (1912), Scudder (1898), and Strohecker et al. (1968). 


Oedaleonotus werneri, New Species 
(Figs. 1-3) 

Male. — Body small in size. Head shorter than pronotum. Frontal ridge slightly 
oblique. Antennae filiform, a little longer than head and pronotum combined. 
Pronotum with median carina, cut by three sulci, lateral carinae present, hind 
margin convex, not notched. Prostemal spine bluntly conical, nearly erect. Interval 
between mesostemal lobes longer than wide. Metastemal lobes separated narrow¬ 
ly. Tegmina lobiform, attingent, reaching to the middle of second abdominal 
tergite, a little longer than wide (Fig. 1). Tympanum present. Hind femur with 
smooth upper carinula. Hind tibiae with 10 or 11 inner spines and 9 or 10 outer 
spines, external apical spine absent. Epiproct triangular, length less than its basal 
width. Furcula small. Cerci very broad at base, abruptly narrowed, with pointed 
apex (Fig. 2). Subgenital plate short, without subapical tubercle, strongly dilated 
at base. Arolium longer than claws. 

Body dark brown, with a black band from behind eyes backward to abdomen. 
Hind femur brown, with three distinct dark markings on the upper and outer 
sides, upper knee lobe (Fig. 3) black. Hind tibiae blue, basal part black. 

Female. — Interval between mesosternal lobes wider than long. Metastemal lobes 
separated, broad. Tegmina separated, nearly cycloid, as long as wide. Ovipositor 
short, retracted. 
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Figures 1-3. Oedaleonotus werneri, n. sp. 1. Male tegmen, dorsal-lateral view. 2. Male cercus, 
lateral view. 2. Male femur-tibia, lateral view. 


Male Female 

Length of body (mm): 14.6-17.4 17.2-22.4 

Length of pronotum (mm): 3.7-4.3 4.3-5.2 

Length of tegmina (mm): 3.1-3.9 2.7-3.7 

Length of hind femora (mm): 8.9-10.1 10.5-12.3 


Holotype—male, allotype, paratypes—3 males and 6 females, 9 mi W Leeds, 
Utah, 6300 ft, VII.4.1949, F. Werner & W. Nutting. 

Allied to Oedaleonotus orientis Hebard, 1920, but hind femur with three distinct 
dark markings, hind tibiae black at base and male tegmina attingent, a little longer 
than wide. 

This species is named for Floyd G. Werner, Professor of Entomology and 
Curator of Insects at the University of Arizona in honor of his vast knowledge 
of southwestern U.S. insects and his abundant contributions in insect systematic^. 
The holotype of this species will reside in the Academy of Natural Sciences, 
Philadelphia (ANSP). 


Key to Species of Oedaleonotus Scudder, 1897 

1(2). Tegmina as long as or longer than pronotum, sometimes reaching to 
apex of abdomen (Washington, Idaho, Nevada, Oregon, SW Ari¬ 
zona and California).1. enigma (Scudder), 1876 

2(1). Tegmina shorter than pronotum, usually narrow and widely sepa¬ 
rated. 

3(6). Hind margin of pronotum notched. 

4(5). Lateral lobe of pronotum with buffy spot near first sulcus and lateral 

carinae (California).2. phryneicus Hebard, 1919 

5(4). Lateral lobe of pronotum without buffy spot (California) . 

.3. tenuipennis (Scudder), 1897 

6(3). Hind margin of pronotum not notched. 

7(8). Male epiproct abruptly narrow near base, longer than its basal width 

(California) .4. pacificus (Scudder), 1880 
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Figures 4-6. Paraidemona nuttingi, n. sp. 4. Male antennal segs. 7-10. 5. Female antennal segs. 
7-10. 6. Male epiproct, dorsal view. 


8(7). Male epiproct triangular, its length less than its basal width. 

9(10). Hind margin of pronotum truncate (California, Oregon, Arizona, and 

Nevada) .5. borckii (Stal), 1861 

10(9). Hind margin of pronotum convex. 

11(12). Tegmina attingent in female and overlapping in male (California) 

.6. pictus (Scudder), 1899 

12(11). Tegmina well separated, sometimes attingent in male. 

13(14). Hind femur with three distinct dark markings, hind tibiae black at 
base. Tegmina attingent in male, slightly longer than wide (SW 

Utah). 7. werneri, n. sp. 

14(13). Hind femur with variable dark markings, hind tibiae not black at 
base. Tegmina well separated in male, much longer than wide (E 
California, Nevada, and Arizona). 8. orientis Hebard, 1920 

Paraidemona nuttingi Yin, New Species 
(Figs. 4-6) 

Male. — Body rather robust. Head shorter than pronotum, the vertex well round¬ 
ed, interspace between eyes as broad as the first antennal segment. Frontal ridge 
oblique, frontal costae nearly parallel, flat above, silicate below. Eyes oval. An¬ 
tennae filiform, much longer than head and pronotum together, middle antennal 
segments (7-10) long, length three times width. Pronotum slightly notched at both 
extremities, median carina low, lateral carinae wanting, prozona 2.2 times meta- 
zona. Prostemal spine bluntly conical, erect. Interval between mesostemal lobes 
longer than broad. Metastemal lobes attingent. Apterous. Tympanum absent. 
Upper carinula of hind femur smooth. Hind tibiae with 10 inner spines and 9 or 
10 outer spines, external apical spine absent. Arolium longer than claws. Epiproct 
triangular, its lateral sides waved, apex pointed (Fig. 6). Furcula attingent very 
long and broad, more than a third as long as epiproct and more than a third as 
broad as the basal width of epiproct. Cerci conical, pointed, half as long as epiproct. 

Body yellowish green, lateral dark band indistinct. Hind femur greenish yellow, 
upper knee lobe black. Hind tibiae glaucous. 

Female. — Larger than male. Interspace between eyes rather broader than first 
antennal segment. Antennae as long as the head and pronotum together, middle 
antennal segments (7-10) long, length 2.5 times width (Fig. 5). Arolium shorter 
than claws. Ovipositor valves short, apex hooked. 
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Figures 7, 8. Paraidemona olsoni, n. sp. 7. Male antennal segs. 7-10. 8. Male epiproct, dorsal 
view. 



Male 

Female 

Length of body (mm): 

17.7 

22.3-24.2 

Length of pronotum (mm): 

3.6 

4.4-4.6 

Length of hind femora (mm): 

9.3 

11.5-12.0 


Holotype—male, allotype (pair on same pin), paratypes— 1 male, 1 female (on 
same pin), Laredo, Webb Co., Texas, V.20-24.1949, W. Nutting. 

The new species is allied to Paraidemona mimica Scudder, 1898 and Parai¬ 
demona fr at ercula Hebard, 1918, but furcula very long, more than a third as long 
as epiproct and hind femur without dark band on the upper side and black stripe 
on the outer face. 

This species is named for William L. Nutting, Professor Emeritus of Ento¬ 
mology, at the University of Arizona in recognition of his outstanding contri¬ 
butions to our knowledge of southwestern U.S. Isoptera and Orthoptera. The 
holotype of this species will reside in the ANSP. 

Paraidemona olsoni Yin, New Species 
(Figs. 7, 8) 

Male. — Body small in size. Head not prominent, shorter than pronotum, the 
vertex well rounded, interspace between eyes as broad as the first antennal seg¬ 
ment. Frontal ridge oblique, frontal costae nearly parallel, antennae filiform, longer 
than head and pronotum together, middle antennal segments short, length less 
than two times width (Fig. 7). Pronotum truncate at both extremities, with slight 
median carina, lateral carinae absent, prozona 2.5 times metazona. Prostemal 
spine moderate, blunt, conical, erect. Interval between mesostemal lobes longer 
than broad. Metastemal lobes narrowly attingent. Apterous. Tympanum absent. 
Hind femur robust, upper carinula smooth. Hind tibiae with 10 or 11 inner spines 
and 9 outer spines, external apical spine absent. Arolium longer than claws. 
Subgenital plate short, blunt. Epiproct triangular, with waved sides, apex pointed 
(Fig. 8). Furcula consisting of a pair of parallel, attingent, cylindrical processes, 
more than a third as long as the supraanal plate. Cerci conical, pointed, half as 
long as the supraanal plate. 

Body yellowish testaceous, with a broad lateral dark band which extends from 
behind eye backward to abdomen. Hind femur greenish yellow, without dark band 
or stripe, upper knee lobe black. Hind tibiae glaucous. 

Female.— Interspace between eyes rather broader than first antennal joint. An¬ 
tennae shorter than head and pronotum together. Arolium shorter than claws. 
Ovipositor valves short, apex hooked. 
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Male Female 

Length of body (mm): 14.5-16.1 20.5-21.3 

Length of pronotum (mm): 2.7-3.1 3.6-4.0 

Length of hind femora (mm): 8.4-8.9 9.9-11.0 

Holotype—male, allotype, paratypes—4 males and 2 females, Olivia, Calhoun 
Co., Texas, V. 18.1948, W. Nutting; 1 female, Port Arthur, Jefferson Co., Texas, 
V. 17.1948, W. Nutting; 1 female and 1 male, Brownsville, Texas, IX.7.1949, W. 
Nutting. 

Close to Paraidemona nuttingi, n. sp., it differs from the latter in its smaller 
body, short middle antennal segments (length <2 times width) and furcula less 
than a third basal width of supraanal plate. 

This species is named for Carl Olson, Insect Curatorial Assistant at the Uni¬ 
versity of Arizona in recognition of his dedication to service in insect systematics. 
The holotype of this species will reside in the ANSP. 

Key to Species of Paraidemona Bruner, 1893 

1(2). Supraanal plate of male, excepting the tip, subquadrate, the lateral 

margins rectangulate (Dallas, Dallas Co., Texas) . 

. 1. punctata (Stal), 1878 

2(1). Supraanal plate of male with pointed tip. 

3(4). Supraanal plate of male with nearly straight sides (Fort Worth, Tarrant 
Co.; Columbus, Colorado Co.; Uvalde, Uvalde Co., Texas; Mexico) 
.2. mimica Scudder, 1897 

4(3). Supraanal plate of male with waved sides. 

5(6). Furcula of male separated (Brownsville, Cameron Co., Texas). 

.3. latifurcula Hebard, 1918 

6(5). Furcula of male attingent. 

7(10). Furcula of male more than a third as long as the supraanal plate. 

8(9). Body larger, middle antennal segments long, length 2.5-3 times width, 
furcula more than a third as wide as basal width of epiproct (Laredo, 
Webb Co., Texas) .4. nuttingi, n. sp. 

9(8). Body smaller, middle antennal segments short, length less than 2 
times width, furcula less than a third as wide as basal width of 
epiproct (Port Arthur, Jefferson Co.; Olivia, Calhoun Co.; Browns¬ 
ville, Cameron Co., Texas).5. olsoni, n. sp. 

10(7). Furcula of male very small, short (Lyford, Cameron Co.; Laredo, 

Webb Co.; Floresville, Wilson Co., Texas) . 

. 6. fraterula Hebard, 1918 
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Male Bembix furcata Erichson (Hymenoptera: Sphecidae) 
Behaviour on a Hilltop in Queensland 

G. N. Dodson and D. K. Yeates 

Department of Entomology, University of Queensland, St. Lucia, Queensland 
4067. 


Abstract. —Territorial behaviour of male Bembix furcata was observed on a 
hilltop in southeast Queensland. Removal of territorial males resulted in rapid 
replacement by males which tended to be smaller. The location of the males 
differed from previous observations and suggested a landmark-based mating sys¬ 
tem. 


The sphecid wasp Bembix furcata Erichson occurs in cool, moist habitats in 
southern Australia, and nests have been found only in alluvial soils (Evans and 
Matthews, 1973). Evans and Matthews (1973) observed males flying in repeated 
or irregular patterns in the nesting area and “obtained the impression” that males 
were territorial. 

In spring 1987 we observed the behaviour of marked male B. furcata on a 
hilltop in southeast Queensland. We conducted removal experiments to 1) in¬ 
vestigate the relationship between the sizes of original territory holders and their 
replacements and 2) estimate the number of individuals in the local population. 

The study took place on Mt. Marlay (elevation 991 m) at Stanthorpe, Queens¬ 
land. Male wasps were observed from 3 to 9 November 1986. In 1987, wasps 
first appeared in mid-October and were present through to our departure on 3 
December. Wasps were absent on a warm, clear day on 15 January 1988. The 
apparent adult season of October to at least December in southern Queensland 
compares to the period noted by Evans and Matthews (1973) of December to 
March for this species in the Australian Capital Territory. 

Seven males were netted and marked on the thorax with unique combinations 
of nontoxic, water-based paint. Maximum head width (to the nearest 0.1 mm) 
was measured with callipers under a dissecting microscope. Wasps were released 
immediately at the site of capture or held in a shaded net in the case of removal 
experiments. Five of the marked males and four unmarked males were caught 
and killed on 4 November. Four more males were caught and killed when we 
returned on 3 December. Using an ocular micrometer, the following measure¬ 
ments were taken for all specimens: head widths (confirmed for the marked wasps), 
wing lengths (from the apex of the humeral plate to the apex of the wing), and 
thoracic lengths (from anterior margin of the scutum to the posterior margin of 
the scutellum). 

Head widths ranged from 5.0 to 5.6 mm (x = 5.2, SE = 0.04, n = 13), wing 
lengths from 12.6 to 14.3 mm (x = 13.2, SE = 0.16, n = 13), and thoracic lengths 
from 4.5 to 5.5 mm (x - 5.1, SE = 0.06, n = 13). Each measurement was 
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significantly correlated with the other two (Pearson correlations: head width versus 
wing length, r = 0.90; head width versus thoracic length, r = 0.74; wing length 
versus thoracic length, r = 0.66; n = 13 and P < 0.01 for each case). 

As of 31 October 1987, males were consistently present in five sites on the 
hilltop. All five sites were within 30 m of the dome-shaped summit. Searches of 
the remainder of the hilltop and bushland at the base of the hill revealed no other 
sites with wasps. Three contiguous sites were regularly occupied along a dirt road 
leading to the summit. The other two sites were clearings composed of granite 
boulders and grass within otherwise wooded areas. These clearings were approx¬ 
imately 5 m 2 . All sites were in full sun for most of the portion of the day that 
wasps were active on the hill. 

Male B. furcata behaviour in these sites consisted of almost constant flight with 
frequent darting movements towards other nearby insects. The pattern of flight 
was apparently dependent, in part, on the physical characteristics of the site being 
used. In the “road” territories an individual male flew over the same path con¬ 
tinuously, perching infrequently and briefly. Wasps flew 10-20 cm above the 
ground, precisely following one of the two tyre tracks for 10-15 m in one direction, 
then turning and retracing the same path. In the “clearing” sites, wasps exhibited 
a more compact flight pattern within the relatively confined space. In all cases 
intruding males were immediately chased and only one male returned to continue 
patrolling. 

Males departed if the sun was obscured for long periods after their arrival. No 
males appeared on overcast days. Initial arrival varied from 0830 hr to 0946 hr 
(EST) over the 5 days that we recorded times. The latest that a male remained 
in his territory was 1403 hr. B. furcata and other Bembix spp. males are known 
to dig sleeping burrows in areas where they are active during the day (Evans and 
Matthews, 1973). Burrows are dug in the afternoon and may be reused on con¬ 
secutive nights. We saw no evidence of the construction or use of sleeping burrows 
by these males. 

Six of the seven marked males reappeared on all days after the day they were 
marked. With the exception of one male which moved between all of the sites, 
the remaining marked males had regular territories to which they returned each 
day, either as the dominant resident or as a challenger for the site. 

We removed resident males on 16 occasions (Table 1). Replacements by other 
males occurred in 12 cases and within a mean time of 7.8 ± 6.3 min (SD). The 
four cases in which replacements did not occur were on the final day when we 
captured and held all residents and replacements (a total of 9 wasps). The last 
replacement on that day was well before the wasps normally departed. This sug¬ 
gests that the territorial males were drawn from a pool of nine individuals on the 
hill that day. In eight out of the 11 replacements in which the sizes of the males 
were known, the replacing male was smaller than the original male (Table 1). 

Thus, we found some evidence suggesting that size influences territory own¬ 
ership, but it was less than conclusive. In provisioning wasp species for which 
there are reports of strong correlations between size and territory ownership (e.g., 
Alcock, 1979; O’Neill, 1983a, 1983b), there was greater variation in the sizes of 
males involved compared to what we observed. Clearcut advantages of one male 
over another might not be expected when size differences are slight. 

When we returned on 3 December the same sites were occupied. We captured 



Table 1. Sizes of males and time between removal and replacement of territorial males of the wasp Bembix furcata. 


Site 

Male 


1 November 

2 November 

3 November 

4 November 

Head width (mm) 

Arrived 

Caught 

Arrived 

Caught 

Arrived 

Caught 

Arrived 

Caught 

1 

A 

5.6 

0946 

0952 

0927 

1238 

0830 

0931 

_ 

_ 

1 

B 

5.3 

1006 

1010 

1240 

— 

0938 

1012 

1039 

1140 

1 

C 

5.1 

1015 

1300 





1023 

1036 

1 

D 

5.2 

1319 

— 



1021 

— 

0914 

1022 

2 

E 

5.2 





? 

1323 

0921 

1128 

2 

F 

not 





1342 

— 





captured 









3 

G 

5.2 







0932 

0943 

3 

H 

5.2 







0947 

1028 

3 

I 

5.3 







1031 

1032 

3 

J 

5.0 







1047 

1059 

4 

K 

5.0 







? 

1108 
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four males between 1200 hr and 1300 hr, after which no more males appeared. 
Three of these males were larger than all but one of the 10 males measured a 
month earlier. 

We saw no evidence of nesting activity or adult emergence within or near the 
hilltop sites. Thus, the described male behaviour, although similar to that observed 
by Evans and Matthews (1973) in a nesting area, was occurring in a totally different 
location. We cannot rule out the possibility that females initiated and completed 
nesting in these areas during the time that we were absent (4 December-14 Jan¬ 
uary). However, because that would represent a very different nesting habitat and 
substantially shorter nesting period than previously documented for B. furcata 
(Evans and Matthews, 1973), we feel it is unlikely. 

It is common among insect species for individual males to monopolize access 
to females by defending areas where females are aggregated (Thornhill and Alcock, 
1983). Such “female defense polygyny” is widespread within the solitary wasps 
because of the tendency for females to be clumped at nesting and emergence sites 
or food plants (e.g., Alcock, 1976; Evans and Matthews, 1973; Gwynne, 1980). 
For the reasons given above, we regard it as highly unlikely that the males we 
observed were within, or on the periphery of, nesting areas. Yet, nothing other 
than mate acquisition can satisfactorily account for the males’ territorial behav¬ 
iour. Thus, we interpret this as a probable landmark-based mating system in 
which males patrol hilltop territories in an attempt to intercept females coming 
to the landmark to locate a mate. We did not see females or matings during the 
period that we observed the wasps; however, this is in concordance with many 
landmark-based systems in which low frequency of observed matings is an in¬ 
herent property (Thornhill and Alcock, 1983). It could be postulated that these 
males have been excluded by other males from the nesting or emergence area and 
are exercising the subordinate option of defending territories elsewhere and waiting 
for unmated females at a landmark. However, we cannot envisage how females 
could gain by avoiding males at the emergence site and then flying to a hilltop to 
mate, unless this option avoids deleterious levels of inbreeding (see Matthes-Sears 
and Alcock, 1986) or lowers the risk of injury from competing males (Evans et 
al., 1986). 

With one possible exception (Matthes-Sears and Alcock, 1986), the instances 
of landmark-based mating systems in wasps occur in species that exhibit dispersed 
and unpredictably located females, i.e., species in which neither females nor 
resources they require appear to be economically defendable (Alcock, 1979, 1985; 
Evans and O’Neill, 1985, and references therein). Thus it would be important to 
determine whether the wasps we observed came from a local population that does 
not have spatially aggregated nests. 
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Scientific Note 

Semidalis arnaudi Meinander, 1972 ( Planipennia, Coniopterygidae), a New 
“Dustywing” Species to the Fauna of the United States 

The coniopterygids or “Dustywings” are the smallest of the order Planipennia 
(“Superord.” Neuropteroidea). They were earlier considered rare, but modem 
investigations have shown that they have been overlooked (Meinander, 1972, 
ActaZool. Fennica, 136:1). 

The last revision of the family was made by Meinander (1972) who described 
many new species. Semidalis arnaudi Meinander, 1972, was described from the 
Sonora province, North West Mexico. Meinander in two following papers (1974, 
Entomol. Scand., 5:217; 1975, Notul. Entomol., 55:28) described additionally 
new species and gave new records of Coniopterygidae from Western North Amer¬ 
ica. S. arnaudi was mentioned from one locality in Mexico, viz. Isla Cerralvo in 
the Baja California Sur (Meinander, 1974). 

I collected 3 6 and 1 9 of Semidalis arnaudi during a week’s stay in Tucson, 
Arizona in October 1987. The specimens were netted from low herbage in a 
garden on two different dates: 1 6 and 1 9 on 11 October, 2 6 on 16 October. The 
garden is situated in a suburb bordering to the South West rim of the Santa 
Catalina mountains. 

Acknowledgments. — I would like to express my gratitude to Dr. Martin Mei¬ 
nander who verified my determination of the specimens. I also wish to thank my 
brother Einar Greve who invited me to the U.S.A. 
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Millipeds of the family Caseyidae occur abundantly in temperate forests of the 
Pacific Coastal states and British Columbia, with one species of the genus Un- 
derwoodia in northeastern North America (Shelley, 1988) and forms of undeter¬ 
mined status in Alberta, Manitoba, North Dakota, Wyoming, Utah, and New 
Mexico (Fig. 219). Chamberlin (1925) proposed two species for the Utah caseyids 
and placed them in Underwoodia ; along with the other undetermined forms, they 
are currently under study by the junior author. On the Pacific Coast, caseyids 
inhabit moist duff on the forest floor and occur primarily in pure stands of oak, 
madrone, and maple, or where these are mixed with digger pine, yellow pine, and 
redwood; occasional specimens are found in red cedar and spruce fitter. They are 
prominent during the wet season, October to April, in California. 

The family Caseyidae belongs to the order Chordeumatida, which received only 
scattered attention in the Nearctic realm until the reclassification by Shear (1972). 
He divided the 10 North American families among four superfamilies and placed 
the Caseyidae in the Striarioidea with the Rhiscosomididae, Striariidae, and Uro- 
chordeumatidae. On a global basis Hoffman (1979) opposed the Striariidae to all 
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other chordeumatoids and recognized two suborders—Striariidea and Chordeu- 
matidea. He divided the latter into nine superfamilies, with the Caseyidae being 
one of six families of uncertain affiliation. Both Shear and Hoffman agree with 
Causey (1963) that the Underwoodiidae is a synonym of the Caseyidae, but Shear 
recognized one more genus (seven) as Hoffman assigned Placerna to synonymy 
under Casey a. We concur in these synonymies and also place Zantona under 
Casey a. However, we confirm Vasingtona and propose two new genera, which 
bring the family’s composition to seven genera as follows: Underwoodia Cook 
and Collins; Caseya Cook and Collins; Vasingtona Chamberlin; Opiona Cham¬ 
berlin; Speoseya Causey; and Ochrogramma and Metopiona, new genera. 

This study began as a revision of western caseyids by the first author in partial 
fulfillment of the Doctor of Philosophy degree requirements at the University of 
California at Davis and was continued by the second author, who incorporated 
new records from the major North American myriapod collections and gained 
access to type specimens that were previously unavailable. Most of the latter were 
originally in the private collection of the late Ralph V. Chamberlin at the Uni¬ 
versity of Utah and became available in the 1970’s after its transferral to the 
National Museum of Natural History, Smithsonian Institution (NMNH). A few 
non-type specimens were already housed at the NMNH but could not be located 
until the collection was reorganized in the 1980’s. There is a general dearth of 
material of Speoseya, known only from the type specimens of the type species, 
S. grahami Causey, and Underwoodia is being reviewed by the second author. 
Thus, except for inclusions in the historical summary and general discussions of 
distributions, treatments of these taxa are deferred to future studies. This con¬ 
tribution is therefore limited to the chiefly epigean caseyids occurring along the 
Pacific Coast from Los Angeles to southern British Columbia, the region of greatest 
species diversity in the family. 

In his assessment of the Caseyidae, abbreviated in deference to the present 
study, Shear (1972) noted that the family was “very probably a large one in number 
of species.” Through extensive field collecting in California by the senior author 
and J. S. Buckett, and the loan by Dr. Shear of a large quantity of material from 
Oregon and Washington collected by Ellen M. Benedict, Portland State University, 
we report 30 undiagnosed species and six new subspecies from over 1000 spec¬ 
imens examined. Coupled with the 14 established species we consider valid, 
including those of Underwoodia and Speoseya, the Caseyidae ranks as the third 
most diverse Nearctic chordeumatoid family with 44 known species, behind the 
Conotylidae and the Cleidogonidae (with about 50 and 100 known species, re¬ 
spectively), and ahead of the Trichopetalidae (with approximately 20 known 
species). With the discoveries of males from New Mexico, Utah, and Alberta, 
and females and juveniles from the northern Great Plains, a continental distri¬ 
bution can now be reported for the Caseyidae. Several new species and possibly 
new genera can be expected from these areas, and additional fieldwork along the 
west coast may produce more Pacific species. The Caseyidae may therefore surpass 
the Conotylidae and rank second to the Cleidogonidae in the number of com¬ 
ponent species, although as noted by Shear (1972), the Striariidae, widespread in 
both the Atlantic and Pacific states, may also have a large number of species. 

This contribution includes diagnoses of Vasingtona, Ochrogramma, Opiona, 
Metopiona, and Caseya with descriptions, redescriptions, diagnoses, and pertinent 
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illustrations of all valid species-group taxa. For agreement in gender with the 
genus, C. heteropus is changed to heteropa, and since douglasia was originally 
proposed, it is the correct name for this species instead of douglasi. All pertinent 
holotypes were examined, and the identity of each nominal species is satisfactorily 
resolved. In the ensuing species accounts, type specimen notations are always of 
the senior synonym. The first author prepared Figures 2-211, including the type 
specimens available to him; those which the second author gained access to later 
are depicted in Figures 212-218, and the drawings of Opiona, siliquae Causey are 
necessarily out of sequence. For simplicity in the type and general locality listings, 
the initials EMB denote material collected by Ellen M. Benedict; in the latter, 
collectors’ names are omitted for specimens taken by the senior author, J. S. 
Buckett, and assistants. Acronyms for sources of preserved study material are as 
follows: 

AMNH—American Museum of Natural History, New York, NY; 

CAS—California Academy of Sciences, San Francisco, CA; 

CIS—California Insect Survey, University of California at Berkeley; 

FSCA—Florida State Collection of Arthropods, Gainesville, FL; 

MCZ—Museum of Comparative Zoology, Harvard University, Cambridge, MA; 
NCSM—North Carolina State Museum of Natural Science, Raleigh, NC; 
NMNH—National Museum of Natural History, Smithsonian Institution, Wash¬ 
ington, DC; 

PMBC—Provincial Museum of British Columbia, Victoria, BC, Canada; 

RLH—Private collection of Richard L. Hoffman, Radford, VA; 

UCD—Bohart Entomological Museum, University of California at Davis; 
WAS—Private collection of William A. Shear, Hampden-Sydney, VA. 

Literature Review 

The families Caseyidae and Underwoodiidae were erected by Verhoeff (1909), 
one page apart, for two species described by Cook and Collins (1895): Casey a 
heteropus, from California, and Underwoodia polygama, from New York. Un¬ 
derwoodia, the older generic name, also included the Ontario species U. iuloides 
(Harger, 1872), which Cook and Collins transferred from Trichopetalum. The 
following year Chamberlin (1910) proposed C. irritans, from Portland, Oregon, 
and in 1925 he named two Utah species of Underwoodia, tida and hespera, which 
are under review by the junior author. 

Verhoeff (1932) listed both families in his summary of higher Nearctic taxa and 
included Bactropus in the Underwoodiidae. However, he either ignored or was 
unaware of Chamberlin’s work, as his geographical statements reflect the knowl¬ 
edge of 1909. 

Chamberlin (1941a) described C. fasciata from Washington, and 2 mo later 
(1941b) he designated it the type species of the new genus Vasingtona. In the 
latter paper Chamberlin also proposed C. sequoia, from Sequoia National Park, 
California, and the new genera Placerna and Zantona for P. dorada and Z. doug¬ 
lasia, two new species from east-central California and southern Oregon, respec¬ 
tively. In 1947 Chamberlin described C. dynotypa, from Monterey County, Cal¬ 
ifornia. 

In the ensuing decade Chamberlin and Hoffman (1950) transferred Bactropus 
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into its own family but erroneously reported that it came from the Cleidogonidae. 
Subsequently the first author (Chamberlin, 1951) erected Opiona for the first west- 
Canadian caseyid, O. Columbiana, from Victoria, British Columbia. In 1952 
Chamberlin added C. bentona, from central Oregon and Palmen (1952) reported 
two localities for U. polygama in Labrador and around 37 in Newfoundland, 
where it is the dominant diplopod. In the same year Causey (1952) described the 
southernmost caseyid, C. similis, from Kern County, California, and 2 yr later 
she (1954) proposed a second species of Opiona, O. hatchi, from Seattle, Wash¬ 
ington. Causey (1955) recorded new localities for C. sequoia in Mariposa and 
Tuolumne counties, California, which are questionable since they are well north 
of the type locality and are based on a female and immature male. Chamberlin 
and Hoffman (1958) summarized knowledge of the Caseyidae and Underwood- 
iidae in their continental checklist, misspelling Z. douglasia as douglasi and C. 
dynotypa as dynopta, the latter subsequently noted by Loomis (1966). 

The decade of the 1960’s began with an important paper by Causey (1963). She 
synonymized the Underwoodiidae with the Caseyidae and published an inter¬ 
pretation of caseyid gonopods that was refuted by Shear (1972). She also proposed 
the genus Speoseya for S. grahami, a new species from a cave in central California, 
and described the third species of Opiona and the first from California, O. siliquae. 
Bucket! (1964) listed all the California caseyids including four species of Caseya 
and one each of Placerna, Opiona, and Speoseya. Loomis (1966) described C. 
coxalis, from Santa Cruz County, California, and clarified the structure of the 
posterior gonopods of C. similis, as well as noting the aforementioned misspelling 
of dynotypa by Chamberlin and Hoffman (1958). 

The first inclusive effort in the Caseyidae aside from fists was that of Shear 
(1972). He presented a generic range map comparing the known distribution of 
Underwoodia in the northeastern United States and Canada with that of the rest 
of the family along the Pacific Coast from southern California to mainland British 
Columbia, omitting Vancouver Island. He also omitted the Utah localities of 
Underwoodia reported by Chamberlin (1925), and since the type specimens are 
immature females, suggested that they probably do not belong to this genus. Shear 
also clarified the gonopodal misconceptions of Causey (1963), forming the basis 
for this study. Hoffman (1979) synonymized Placer na with Caseya but recognized 
all the other genera though questioning Vasingtona and Zantona. The final pub¬ 
lications involving caseyids concern the Canadian fauna. Kevan (1983) sum¬ 
marized the known and potential Canadian caseyids, and in a report on east- 
Canadian millipeds, Shelley (1988) placed U. polygama in synonymy under U. 
iuloides, thereby formalizing the suggestions of Palmen (1952) and Shear (1972). 

Thus at this writing the Caseyidae consists of the following six genera and 17 
species, fisted chronologically below with their type localities and other reported 
occurrences. The composition of each genus is essentially as cited by Hoffman 
(1979), who reported “about seven nominal species” for Caseya. 

Genus Underwoodia Cook and Collins, 1895. 

U. iuloides (Harger, 1872). “Simmon’s” (probably a misspelling of Simon’s) 
Harbor on the north shore of Lake Superior, Ontario, Canada. Also known 
from two localities in Labrador and 37 in Newfoundland (Palmen, 1952; 
Shelley, 1988); seven other sites in Ontario (Cook and Collins, 1895; Judd, 
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1967; Shelley, 1988); three in Quebec and one in Nova Scotia (Shelley, 1988); 
Sullivan Co., NH (Shelley, 1988); Keewenaw, Marquette, Delta, and Jackson 
cos., MI (Shelley, 1988); Fon Du Lac Co., WI (Shelley, 1988); and Syracuse, 
Kirkville, Marcellus, Centerport, Huntington and Cold Spring Harbor, NY 
(Cook and Collins, 1895). 

tida Chamberlin, 1925. Logan Canyon, Cache Co., UT. As noted by Shear 
(1972) this species probably does not belong in CJnderwoodia. 

“U.” hespera Chamberlin, 1925. Mill Creek Canyon, Salt Lake Co., UT. A 
probable synonym of the preceding name. 

Genus Caseya Cook and Collins, 1895 ( =Placerna Chamberlin, 1941b). 

C. heteropus Cook and Collins, 1895. Around San Francisco Bay, California, 
exact locality unknown but probably in Marin Co. 

C. irritans Chamberlin, 1910. Portland, Multnomah Co., OR. 

C. sequoia Chamberlin, 1941b. Sequoia National Park, Tulare Co., CA. Also 
reported from Briceburg, Mariposa Co., and Sonora Pass, Tuolumne Co., 
CA (Causey, 1955; Buckett, 1964). 

C. dorada (Chamberlin, 1941b). 9 mi N Placerville, Eldorado Co., CA. 

C. dynotypa Chamberlin, 1947. Hasting’s Reservation, Monterey Co., CA. 

C. similis Causey, 1952. Tehachapi Pass, Kern Co., CA. Also known from 
Woodford, north of Tehachapi Pass (Loomis, 1966). 

C. bentona Chamberlin, 1952. Mary’s Peak, Benton Co., OR. 

C. coxalis Loomis, 1966. Davenport, Santa Cruz Co., CA. 

Genus Zantona Chamberlin, 1941b. 

Z. douglasia Chamberlin, 1941b. “John Day Creek,” Douglas Co., OR. 

Genus Vasingtona Chamberlin, 1941b. 

V. fasciata (Chamberlin, 1941a). Arlington, Snohomish Co., WA. 

Genus Opiona Chamberlin, 1951. 

O. columbiana Chamberlin, 1951. Victoria, Vancouver Island, British Colum¬ 
bia, Canada. 

O. hatchi Causey, 1954. Carkeek Park, Seattle, King Co., WA. Also known 
from the University of Washington campus, Seattle (Causey, 1954). 

O. siliquae Causey, 1963. Fault Rock Cave, Mendocino Co., CA. 

Genus Speoseya Causey, 1963. 

S. grahami Causey, 1963. Shaw’s Cave, Calaveras Co., CA. 

Anatomy and Taxonomic Characters 

As noted by Shear (1972), caseyids resemble in general facies the Mexican and 
eastern Nearctic genus Cleidogona (Cleidogonidae). Both have 30 smooth cylin¬ 
drical segments that taper at the ends of the body and lack knobs, rugae, and 
paranota. The mentum of the gnathochilarium is divided, but the ventrolateral 
pleurotergal striations are more pronounced in caseyids, and males in this family 
are distinguished by the incrassate, two-segmented posterior gonopods, which 
interrupt the leg sequence in lateral view (Fig. 1; Palmen, 1952: fig. 8). The 
telopodite of this structure has only one segment, is broad or flattened laterad, 
and appears to be wedged between the 7th and 10th legs. In larger forms this 
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feature is visible to the unaided eye and allows for accurate family determinations 
in the field. Like Cleidogona, most species of Caseya, Opiona, and Metopiona 
have a mottled brown base color dorsally with irregular lighter patches, but Vasing- 
tona and Ochrogramma display a conspicuous, yellow, middorsal stripe. 

A striking modification in the Caseyidae is the ventral expansion of the man¬ 
dibular stipes in males of Vasingtona and Ochrogramma (Figs. 18, 44). The 
margins of these laminae are variably rounded and press against the sides of the 
collum when the millipeds coil, probably helping to protect the more vulnerable 
ventral parts. 

Dorsally, each caseyid diplosegment has three pairs of setae. The collum is 
narrower than the head and does not extend as far ventrad as the succeeding 
segments. In Vasingtona there is an anterior ovoid submarginal depression on 
pleurotergite 2, which appears to receive the ventral comer of the collum during 
coiling. In general, the margins of the anterior pleuroterga vary from gently round¬ 
ed to sublinear, but in two species of Opiona there is a slight marginal indentation 
or concavity on pleurotergite 3. The 4th pleurotergite extends ventrad, and the 
margin may be rounded, truncate, slightly indented or concave, acute, or falcate. 

In males, the tarsi of the first legs have a mesal row of stiff erect setae which 
may or may not be present on the second tarsi (Figs. 12, 45). The gonapophyses 
arise from the second coxae and are unusual in assuming taxonomic importance. 
In most caseyids, as in other Nearctic chordeumatoids, they are relatively short, 
no more than half the length of the second telopodites (Figs. 50, 127, 128, 140, 
141, 153, 170), but in Vasingtona and Ochrogramma , the gonapophyses are very 
long, equal to or longer than the second telopodites, and curve caudad between 
the third legs (Figs. 13, 46). The coxa of leg 7, the caudalmost pregonopodal leg, 
extends ventrad beyond the telopodite articulation in Caseya and Ochrogramma 
and has one or more projections in the former (Figs. 48, 150). 

The anterior gonopods in the Caseyidae extend caudad between the posterior 
gonopods and are mostly obscured in situ by the broad telopodite of the latter 
(Fig. 1). They are extremely complex, and this is particularly true of Caseya, 
whose discussion is facilitated by the “exploded” views (Figs. 113-117) of that 
of C. heteropa disjuncta (Figs. Ill, 112). Opiona and Metopiona have a lateral 
sternal plate, which covers the base of the flagellocoxite in lateral view and has 
a lateral process which extends distad in Opiona (Fig. 85) but not in M. sheari. 
In Vasingtona and Ochrogramma the sternum is extensive and well sclerotized 
(Figs. 3-5, 20-24). In the former it articulates with the coxa and telopodite laterally 
by a pyramidal process (Fig. 2), and there is a small articulating sclerite with two 
setae between the latter and the telopodite. Likewise in Ochrogramma, the sternum 
arti culates with the coxa by means of a sternal process, but there is no articulating 
sclerite. Instead there is a large, rounded, intergonopodal sclerite (Fig. 33), which 
joins the sternal arms caudally and is independent of the coxae. In Caseya a strong 
sternal band is fused to the coxal plate; thus articulation points and processes are 
absent. 

The anterior gonopod coxae consist of a basal plate from which two coxites, a 
dominant colpocoxite and a smaller flagellocoxite, arise in all genera except Va¬ 
singtona. Caseya also has additional lateral and mesal laminae (Figs. 115, 116). 
The flagellocoxite assumes various forms, being comprised of a spherical sclerite 
in Caseya, which gives rise to a long, tapered flagellum. The latter curves distad 
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Figure 1. Lateral view of head and anterior segments of Caseya h. heteropa male from Monterey 
Co., CA. Scale line = 300 mm. 


within a groove in the colpocoxite, is shielded distally by both the lateral and 
mesal laminas, and is supported by flanges or “guides” on the intermediate septum 
of the telopodite (Fig. 114). In Ochrogramma, from one to five flagella join basally, 
are exposed in lateral view, and may be apically bifurcate or give rise to filiform 
projections (Figs. 20-24). Except for Opiona confusa, where it consists of two 
lanceolate structures, the flagellocoxite in Opiona consists of a large basal lobe 
from which numerous filiform flagella arise (Figs. 79, 85). Metopiona sheari bears 
two elongated styles on a pedicel (Figs. 96, 98, 99). The anterior style is free, and 
the caudoventral one lies in a groove on the colpocoxite. The pedicel fits into a 
socket and can rotate from vertical to horizontal, causing the caudoventral style 
to move up and down in the groove and the anterior style to move at right angles 
to the pedicel. 

The colpocoxites, the largest and most prominent of the anterior gonopod 
structures, attach anteriolaterally to the coxal plates and extend caudad in situ 
over the sternum of the posterior gonopods, inserting near the coxae of the 10th 
legs. They may touch, be separated by only a narrow gap (Fig. 112), or be widely 
apart (Fig. 34). In Opiona f sheri they fit together through complementary notches 
in the mesal margins. The configuration of the colpocoxite is of primary taxonomic 
importance, and close attention should be paid to the projections, teeth, and 
lamellae, arising from its surfaces. In Vasingtona the colpocoxite is divided into 
three immobile processes that are fused anteriorly (Fig. 4): a curved anterior 
process, a long, apically glabrous and falcate mesal process, and a broad, truncate 
posterior process. 

The telopodite of the anterior gonopod joins the coxal plate posteriorly. Typ¬ 
ically a simple, soft or poorly sclerotized lobe (Figs. 4, 79, 85), it is petiolate in 
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Ochrogramma (Figs. 20-24) and three species of Opiona (Figs. 77, 82, 91), and 
absent from Metopiona. In Caseya, a thin lamina, the intermediate septum, arises 
from the anterior margin and possesses two small flanges or flagellar “guides,” 
which support the distal extremities of the flagella (Fig. 117). 

On the posterior gonopods, the sternum is narrow except in Caseya, where it 
is broad and extends to the lateral margins of the coxae. The coxae are relatively 
broad and have a medial endite of variable configuration, which is taxonomically 
important. The single-segmented telopodite is basally broad in Vasingtona and 
Ochrogramma, petiolate in Caseya and some species of Opiona (Figs. 87, 92a, 
123, 126), and flattened in other species of the latter (Figs. 72, 75). It has a lateral 
sulcus in Vasingtona (Figs. 16, 17) and a marginal rim in some species of Caseya 
(Fig. 162). 

The female cyphopods are situated caudad to the coxae of the second legs in a 
cavity formed by the latter and the sternum (Fig. 8). They consist of lateral and 
mesal valves with a central oviduct pore (Figs. 35, 104, 200). The valves are fused 
caudally in Vasingtona and Caseya and form a level platform in the former, in 
which the lateral valve continues into a large caudolateral process (Figs. 6, 7). 
The mesal valve is usually larger in Opiona, and ventral projections arise from 
both valves in Ochrogramma (Fig. 39). Each cyphopod has a pair of slender bars 
anteriorly that comprise the receptacle. In Vasingtona they are hinged laterally 
and have a median vertical sclerite (Fig. 6). The receptacle is uniform in Caseya 
and Opiona except for being slightly larger in O. siliquae and a few other species 
(Fig. 109). In Vasingtona the caudal surface of the cyphopod is covered by an 
irregular lamina, the postgenital plate (Fig. 6), which is absent from the other 
genera. 

Segment 3 varies in females. The sternum tends to be broad and platelike with 
a short mesal projection (Figs. 9, 37, 102, 199). In Ochrogramma and Opiona 
there are flattened areas on the anterior surfaces of the sterna and ventrally directed 
lateral projections (Figs. 37, 102). The third legs are normal in all genera and may 
or may not be separated by the sternal process. Females of M. sheari are unknown. 

Family Caseyidae Verhoeff 

Caseyidae Verhoeff, 1909:567; Attems, 1926:11; Chamberlin, 1941a:22; 1941b: 

10; 1947:9; 1951:8; 1952:2; Causey, 1952:113; 1954:81; 1955:90; 1963:193; 

Chamberlin and Hoffman, 1958:87; Buckett, 1964:13; Loomis, 1966:225; Shear, 

1972:258-260; Hoffman, 1979:137; Kevan, 1983:2967. 

Underwoodiidae Verhoeff, 1909:568; Attems, 1926:12; Chamberlin and Hoff¬ 
man, 1958:107; Judd, 1967:194. 

Type genera. —Of Caseyidae, Caseya Cook and Collins, 1895; of Underwood¬ 
iidae, Underwoodia Cook and Collins, 1895. 

Diagnosis. —Adults with 30 segments; body subcylindrical; dorsum with setae 
but without paranota, carinae, and tubercles; pleuroterga with lateral striae, ex¬ 
tending onto dorsum of midbody segments; mentum divided; anterior gonopod 
with or without flagellocoxite and variable telopodite; posterior gonopod coxa 
usually with well-developed endite; telopodite with but one segment, expanded 
laterally. 

Description. — Head with epicranial suture distinct, ending between ocelli. An- 



186 


PAN-PACIFIC ENTOMOLOGIST 


tennae moderately long, not clavate. Ocelli present or absent. Facial setae sparse 
or dense. Mandibular stipes with or without ventral lamina. Mentum divided. 

Body with 30 segments, tapering gradually at both ends. Pleuroterga cylindrical, 
smooth dorsally, with ventrolateral striae. Dorsal setae present, fine to spatulate. 

Pregonopodal legs of males: Leg 1 small, podomeres usually robust, tarsus with 
mesal comb. Leg 2 similar or much smaller; gonapophysis varying from short 
and not extending beyond prefemur to longer than telopodite. Leg 3 coxa extending 
ventrad beyond telopodite articulation into rounded lobe; telopodite moderately 
long to very short. Leg 7 coxa enlarged or not, with or without processes. 

Anterior gonopod sternum with or without variable lateral process. Coxa with 
one to four of following coxites arising from basal plate: colpocoxite, flagellocoxite, 
and lateral and mesal laminas. Telopodite present or absent, simple or large and 
broadly rounded. Posterior gonopod sternum narrow, length varying. Coxa with 
prominent endite mesal to telopodite. Latter comprised of one segment, expanding 
laterad. Leg 10 coxa with large mesal vesicle. 

Leg 2 of females normal or reduced. Cyphopod valves equal or unequal, fused 
or free, sclerotized. Receptacle relatively small, well sclerotized. Postgenital plate 
usually absent. 

Distribution.— The Caseyidae occurs principally along the Pacific Coast from 
Los Angeles to southern British Columbia and in the northeastern United States 
and eastern Canada, regions segregated by over 1200 miles. However, scattered 
samples from the intervening area indicate a continental distribution for the family 
(Fig. 219). The Pacific fauna is diverse, containing six genera and 40 known species, 
and extends some 1050 mi; the eastern fauna contains only one species, Under- 
woodia iuloides, which ranges from Newfoundland and southern Labrador to 
western Michigan and Wisconsin, and as far south as Long Island, New York 
(Shelley, 1988). 

Excepting the cavernicolous male of V. irritans from Harney County, Oregon, 
none of the western caseyids are known east of the Sierra Nevada and Cascade 
Mountains. They hug the Pacific coastline, extending up the western slopes of 
these ranges but not across the divides, reflecting a preference for the moist coastal 
environments. The diversity is dramatically lower north of the Columbia River, 
the only watercourse completely bissecting the region in an east-west direction. 
Only four species occur north of this boundary in Washington and British Co¬ 
lumbia, as opposed to 18 to the south in Oregon, and only V. irritans traverses 
the boundary. The most speciose genera, Opiona and Caseya, extend throughout 
the region, whereas the others are more restricted. The single species of Vasingtona 
is widespread in Washington and Oregon, but Metopiona and Speoseya are known 
only from a single species and locality. Ochrogramma, Opiona, and Caseya include 
a number of localized species and a few widespread ones: Ochrogramma bentona, 
Opiona communis, and C. heteropa. 

Relationships. — A cladistic hypothesis of the Caseyidae cannot be attempted 
with present knowledge. Neither Speoseya nor Underwoodia can be placed, and 
synapomorphies are known only for Vasingtona plus Ochrogramma (ventral man¬ 
dibular lamellas, long gonapophyses), probably sister genera. The former is dis¬ 
tinguished by the branching colpocoxite, absence of the flagellocoxite, and pres¬ 
ence of the postgenital plate on the cyphopods; the latter is unique in its basally 
divided flagellocoxite. Caseya (mesal and lateral laminas of the anterior gono- 
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pods), Metopiona (absence of the anterior gonopod telopodite and unique flagel- 
locoxite), and Opiona (sternal process of the anterior gonopods) are also defended 
by autapomorphies. 


Key to the Pacific Caseyid Genera 
(based primarily on male characters) 

1. Mandibular stipes with prominent ventral lamina; gonapophyses longer 


than 2nd telopodites, curving between third legs; dorsum with broad, 

middorsal yellow stripe. 2 

Mandibular stipes not modified; gonapophyses not as above; dorsum usu¬ 
ally without yellow stripe . 3 

2. Body large, exceeding 15 mm; anterior gonopod without flagellocoxite; 
colpocoxite with at least three branches (Figs. 3-5) . 


. Vasingtona Chamberlin 

Body smaller, less than 15 mm; anterior gonopod with flagellocoxite and 

narrow flagella; colpocoxite not divided (Figs. 20-24). 

... Ochrogramma, new genus 

3. Anterior gonopod without telopodite (Figs. 96, 98, 99). 

.. Metopiona, new genus 

Anterior gonopod with telopodite . 4 

4. Anterior gonopod with lateral sternal process . Opiona Chamberlin 

Anterior gonopod without sternal process . 5 

5. Anterior gonopod with mesal and lateral laminas, flagellocoxite developed 

as a pair of long, thin filaments; eyes numerous ... Caseya Cook and Collins 
Anterior gonopod without mesal and lateral laminas; flagellocoxite oth¬ 
erwise; eyes few or absent. Speoseya Causey 

Genus Vasingtona Chamberlin 

Vasingtona Chamberlin, 1941b: 12; Chamberlin and Hoffman, 1958:89; Jeekel, 
1971:84; Hoffman, 1979:138; Kevan, 1983:2968. 

Type species. — Caseya fasciata Chamberlin, 1941a, by original designation. 
Diagnosis.— Large caseyids (18-20 mm long) with yellow middorsal stripe; 
mandibular stipes with broadly rounded ventral lamina; 2nd pleurotergite with 
marginal concavity anteriad; gonapophyses long, extending caudoventrad between 
coxae of 3rd legs; anterior gonopod colpocoxite divided basally into two or usually 
three fused projections, anterior and posterior with finely divided, spiculate apices, 
mesal projection long, tapered, apically falcate and glabrous; flagellocoxite absent; 
telopodite relatively large, long and broad; cyphopod valves fused distad forming 
flattened ovoid area, lateral valve with large caudolateral process; postgenital plate 
present. 

Color. — Head and antennae dark brown; dorsum reticulated brown with broad 
yellow middorsal stripe; epiproct brown; venter light. 

Description.— Head with epicranial suture distinct, ending between ocellaria; 
latter with 22-25 ocelli arranged in triangular patches of five rows; antennae 
moderately long, ultimate antennomere short and truncate, preceding two articles 
clavate. Mandibular stipes extending ventrad into broadly rounded lamina (Fig. 
18 ). 
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Collum narrower than head, longer than segment 2, anterior margin curved. 
Pleurotergite 2 with three or four striae per side and with anterior, ovoid sub¬ 
marginal impression (Fig. 19). Midbody segments with prominent ventrolateral 
striae extending to level of hrst setae, striae becoming indistinct on caudal seg¬ 
ments; surfaces rugulose. Dorsal setae sparse, scattered, and short. 

Pregonopodal legs of males: Legs 1 and 2 incrassate, with six podomeres, shorter 
than succeeding legs; tarsi of 1st legs with longitudinal row of stiff mesal setae 
(Fig. 12). Gonapophysis slender, longer than 2nd legs, extending ventrocaudad 
between coxae of 3rd legs (Fig. 13). Leg 3 coxa large, spatulate, extending ventrad 
beyond telopodite articulation (Fig. 14). Legs 4-7 with coxae normal or swollen 
slightly ventrad. 

Anterior gonopod sternum articulating with coxa and telopodite by means of 
short, pyramidal projection (p, Fig. 2). Colpocoxite divided, usually basally, into 
variable anterior, posterior, and mesal processes, first two redivided apically into 
numerous short, spiculate projections, mesal process longer than others, apically 
glabrous and falcate. Telopodite smooth, broadly rounded, poorly sclerotized, size 
variable but relatively large for family, shorter than colopocoxite. 

Posterior gonopod sternum narrow, extending beyond lateral margins of coxae 
into short projections. Coxa broad, endite long and narrow, shorter than length 
of telopodite. Latter articulating laterad with coxa, with long lateral sulcus, mesal 
surface with small concavities near anterior and posterior margins. Leg 10 coxa 
with large ventral eversible vesicle, lateral surface narrowing sharply distad, mesal 
surface with small cylindrical process; telopodite about % as long as that of 11th 
leg. 

Females without mandibular laminae and concavities on 2nd pleurotergites. 
Tarsi of legs 1 and 2 with rows of moderately stiff setae on mesal surface (Fig. 8). 
4th sternum with short, triangular mesal projection; 3rd legs with slight lobe on 
outer margin of prefemur (Fig. 9). Cyphopod valves with anterior surfaces distinct, 
fused distad; receptacle with long lateral arm; postgenital plate present (Fig. 6). 

Distribution (Fig. 222).—South of Vancouver, British Columbia, to northwest¬ 
ern Oregon south of Salem, with an allopatric cave population in southeastern 
Oregon (Harney County). 

Species. — One. 

Remarks. —The coxa, telopodite, and sternum of the anterior gonopods join as 
shown in Figure 2. A pyramidal sternal projection articulates with a sclerite on 
the telopodite and two of the three colpocoxite processes, the medial and posterior, 
which originate basally. The anterior process, which is more laminate, arises 
anywhere from the base to near midlength. 

Vasingtona irritans (Chamberlin), New Combination 

(Figs. 2-19) 

Caseya irritans Chamberlin, 1910:241-242, pi. 34, figs. 6-9, pi. 35, fig. 1; Cham¬ 
berlin and Hoffman, 1958:87. 

Caseya fasciata Chamberlin, 1941a:22-23. NEW SYNONYMY. 

Vasingtona fasciata: Chamberlin and Hoffman, 1958:89; Kevan, 1983:2968. 

Type specimen. — Juvenile female holotype (NMNH) taken by unknown col¬ 
lector in August 1902 at Portland, Multnomah Co., OR. 
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Diagnosis. —With the characters of the genus. 

Description of males. — Ocellaria generally with 23 ocelli, arranged in 5 rows as 
follows: 8, 6, 5, 3, 1 (Fig. 18); relative proportions of antennomeres 0.4, 1.5, 3.0, 
2.2, 2.0, 1.2, and 0.6. Collum length/width (1/w) ratio 75%. Body length 18-22 
mm. 

Tarsi of 1st legs with mesal row of stiff setae extending nearly entire length of 
podomere (Fig. 12). Gonapophysis directed caudad, curving slightly ventrad near 
midlength and extending to apices of coxal processes of 3rd legs, apically rounded 
and bent cephalad (Fig. 13). Leg 3 coxa large, spatulate, apex rounded and curving 
slightly cephalad; telopodite arising near midlength, directed laterad, podomeres 
slightly shorter than in succeeding legs (Fig. 14). Leg 7 coxa normal, telopodite 
articulating subapically (Fig. 15). 

Anterior gonopod (Figs. 3-5, 10, 11) colpocoxite divided as follows: anterior 
process arising from base to near midlength, extending slightly caudad, expanding 
or narrowing distad, often shielding distal extremity of telopodite with a variable 
number of short, simple or divided, spiculate projections arising apically; posterior 
process present or absent, size variable, arising basally, directed ventrad or curving 
slightly caudad, occasionally divided distad, with 15—30 short, variable, spiculate 
projections arising apically and/or from distal, lateral, and mesal surfaces begin¬ 
ning near midlength, some projections further divided or apically bifurcate; mesal 
process longest, protruding conspicuously ventrad centrally, tapering smoothly 
and continuously distad and curving or leaning caudad, with filamentous setae 
distad, apically glabrous and falcate with long, thin setae on anterior and lateral 
sides, with or without sclerotized, subspiniform anterior projection. Flagellocoxite 
absent. Telopodite relatively long and broad, of subequal width throughout, soft 
and poorly sclerotized, straight or curving slightly caudad, distal extremity ob¬ 
scured in some males by anterior process, sides and apex smooth, latter broadly 
rounded. 

Posterior gonopod (Figs. 16, 17) sterna extending to lateral margins of coxae, 
projecting caudolaterad into short, subconical sternal process. Coxal endite long 
and narrow, nearly % as long as telopodite, tapering gradually to bifurcate tip. 
Telopodite narrow basally, expanding broadly near ‘A length, becoming globose, 
with lateral sulcus near midlength containing numerous fine vertical striae. 

Description of female.— Cyphopod (Figs. 6, 7) valves unequal, margins fused 
distad into elevated ovoid platform, lateral valve larger, extending into broad, 
ventrally directed process, distal margin irregular. Receptacle located at bases of 
valves, with long lateral arm extending nearly to level of platform. Postgenital 
plate laminate, covering cyphopods caudally. 

Variation. — The preceding composite description of males throughout the range 
encompasses most aspects of variation. However, the different forms of the pos¬ 
terior process of the anterior gonopods deserve emphasis. These structures are 
absent from some males in Yamhill and Clackamas counties, Oregon (Fig. 5), 
where the long spiculate flagella protruding beyond the telopodite arise from the 
colpocoxite stem instead of from a separate branch. In males from Multnomah 
and Clatsop counties, the posterior process is truncate, and the spiculate flagella 
arise apically (Fig. 3); in one from Lewis County, Washington (Fig. 4), the structure 
is long, tapers caudad, and the flagella arising distally, laterally, and medially. 
The left posterior process of this individual has an exceptionally broad, forked 
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Abbreviations used in figures: aa, apical arm; ac, accessory process; ad, anterior division; ap, anterior 
process; as, articulating sclerite; c, coxa; cc, colpocoxite; cd, central division; ce, coxal endite; cp, 
caudal process; cs, basal colpocoxite spine; cx, coxal plate; dlf, distolateral flange; f, flagella; fa, flattened 
areas; fc, flagellocoxite; fg, flagellar guides; igs, intergonopodal sclerite; If, lateral flagellum; 11, lateral 
lamina; lv, lateral valve; mf, mesal flagellum; ml, mesal lamina; mp, mesal process; mv, mesal valve; 
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projection near midlength, which does not occur on the right gonopod or in other 
males. This individual also exhibits an elongate, glabrous anterior projection, 
which is absent from other males. Although more than 200 mi from the nearest 
collection and found in a cave in the desert, the male from Harney County closely 
resembles that from Portland illustrated in Figure 3. 

Ecology, —Material from Clackamas and Clatsop counties, Oregon, and Mason 
County, Washington, was retrieved from birch, red alder, and conifer litter. That 
taken from Lewis County, Washington, was found in thick moist duff in a mixed 
deciduous/conifer stand. 

Distribution. — Vasingtona irritans has the largest distribution of any western 
caseyid species, and it is the only one spanning the Columbia River. With the 
allopatric cave population in southeastern Oregon, V. irritans is also the only 
known Pacific caseyid occurring east of the Sierra Nevada and Cascade Mountain 
ranges. This population reflects a widespread earlier distribution which has dis¬ 
appeared from epigean environments east of the mountains as the interior basins 
became more arid. Additional cave populations may occur in southeastern Oregon 
and adjacent parts of Idaho and Nevada. Excluding this cave population, the 
north-south dimension of V. irritans is nearly 300 mi. In addition to the type, 
the following specimens were examined: 

CANADA. BRITISH COLUMBIA: North Surrey, M, 6 Sep 1965, J. and W. 
Ivie (AMNH). 

USA. WASHINGTON: Snohomish Co., Arlington, 2 M, 11 Sep 1935, R. V. 
Chamberlin and W. Ivie (NMNH). Lewis Co., Mossyrock, nr. Mossyrock Dam, 
2 M, 2 F, 10 Sep 1970 (UCD). Mason Co., 2.5 mi N Grant, M, 21 Jan 1960, 
EMB (WAS). Gray s Harbor Co., Pacific Beach, M, 2 F, 14 May 1933, R. V. 
Chamberlin (FSCA). 

OREGON: Clatsop Co., 5 mi SE Olney, M, 27 Nov 1971, EMB (WAS). Wash¬ 
ington Co., 1.7 mi SW Timber, M, 7 Nov 1971, EMB (WAS). Yamhill Co., 5 mi 
E Yamhill along OR hwy. 240, 2 M, 2 Oct 1971, EMB (WAS); 2 mi S Carlton, 
M, 1 Jan 1972, EMB (WAS). Multnomah Co., Portland, M, 2 F, 10 May 1957, 
R. Emmis (FSCA), M, date and collector unknown (NMNH), F, 19 Jun 1982, S. 
Henshaw (MCZ); Macleay Park, M, 2 Jan 1970 (UCD); Lewis and Clark College, 
M, Mar 1961, r' Anderson (FSCA) TYPE LOCALITY. Clackamas Co., 1.9 mi 
W Carver, 2 M, 5 F, 9 Oct 1971, EMB (WAS). Polk Co., Sarah Hemlick St. Pk., 
2 M, 3 F, 12 Nov 1966, J. F. Cornell (NCSM). Lane Co., 11 mi NE Blue River, 
Andrews Exp. For., 4 M, F, 18 Oct-9 Nov 1982, 18 Apr-10 May 1984, G. L. 
Parsons (RLH, NCSM). Harney Co., Malheur (sic) Cave, 13 mi SE Princeton, M, 
10 Sep 1971, EMB (WAS). 

Remarks. — A key diagnostic feature of Vasingtona and V. irritans is the absence 


o, oviduct pore; p, pyramidal projection; pd, posterior division; pg, postgenital plate; pp, posterior 
process; pr, spiculate projections; r, receptacle; rl, lateral ramus; rm, mesal ramus; s, sternum; si, 
intermediate septum; sp, sternal process; t, telopodite; vl, ventral lamina; vs, caudoventral style. 

Figures 2-5. Vasingtona irritans. 2. Details of coxostemal articulation, specimen from Lewis Co., 
WA. 3-5. Anterior gonopods, lateral aspects. 3. Specimen from Multnomah Co., OR. 4. Specimen 
from Lewis Co., WA. 5. Specimen from Yamhill Co., OR. 




Figures 6-11. Vasingtona irritans. 6, 7. Right cyphopods. 6. Specimen from Lewis Co., WA, 
anterior aspect. 7. Specimen from Clackamas Co., OR, lateral aspect. 8, 9. Legs of female from Lewis 
Co., WA. 8. Leg 2, posterior aspect. 9. Leg 3, anterior aspect. 10, 11. Anterior gonopods of male from 
Lewis Co., WA. 10. Anterior aspect. 11. Posterior aspect. 
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Figures 12-19. Vasingtona irritans. 12-15. Legs of male from Lewis Co., WA. 12. Leg 1, posterior 
aspect. 13. Leg 2, anterior aspect. 14. Leg 3, posterior aspect. 15. Leg 7, posterior aspect. 16, 17. Right 
posterior gonopod of male from Lewis Co., WA. 16. Anterior aspect. 17. Lateral aspect. 18. Head of 
male from Lewis Co., WA, lateral aspect. 19. Pleurotergites 1-5 of the same, lateral aspect. 
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of the flagellocoxite found in Ochrogramma, Opiona, and Casey a. However in 
some males, the lateral process of the colpocoxite arises basally (Figs. 3, 4) in the 
same relative position. 

As the type specimen is an immature female, some doubt exists as to the correct 
name for the species of Vasingtona. However, the identity of V. fasciata is certain, 
and this form is the only caseyid known from Portland, the type locality of irritans. 
We therefore excercise the right of first reviser and designate irritans as the senior 
name for this species. 


Ochrogramma, New Genus 

Type species. — Ochrogramma formosula, new species. 

Diagnosis. —Moderately-large caseyids (11-15 mm) with yellow middorsal stripe; 
mandibular stipes with narrowly rounded ventral lamina; 2nd pleurotergite with¬ 
out marginal concavity; gonapophyses long, extending caudoventrad between cox¬ 
ae of 3rd legs; anterior gonopod sternum without lateral process; colpocoxite 
narrow tapering distad; flagellocoxite divided basally into two or five narrow, 
partly spiculate, simple or redivided flagella; telopodite petiolate; cyphopod valves 
usually with ventral projections; postgenital plate absent. 

Color. — Head dark brown dorsad, lighter ventrad; antennae dark brown. Dor¬ 
sum dark brown with broad yellow middorsal stripe, depigmented ventrad, epi- 
proct usually yellow, occasionally brown. 

Description. — Head with epicranial suture distinct, ending between ocelli; with 
19-23 ocelli arranged in four or five rows; labrum ventrally elongate; mandibular 
stipes extending ventrally into narrowly rounded lamina (Fig. 44). 

Collum relatively long, anterior margin curving sharply, 1/w ratio 75-83%. 
Pleurotergites of segments 2-4 usually bent sharply mesad near ventral margin, 
with raised longitudinal ridges along folds. Striae of midbody segments moderate, 
extending to level of first seta. Surfaces of segments finely rugulose. Dorsal setae 
small, slender. Body length 11-15 mm. 

Pregonopodal legs of males: Legs 1 and 2 with six segments, slightly smaller 
than succeeding legs; tarsus of 1st leg with mesal longitudinal row of stiff, erect 
setae (Fig. 45). Gonapophysis long, length subequal to that of 2nd telopodite, 
curving caudad between 3rd coxae, apically rounded, bent anteriad (Fig. 46). Leg 
3 coxa large, expanding beyond telopodite socket into broad spatulate lobe, telopo¬ 
dite relatively short, podomeres robust (Fig. 47). Legs 4-6 with coxae slightly 
swollen. Leg 7 coxa extending slightly beyond telopodite socket (Fig. 48). 

Anterior gonopod sternum weakly sclerotized anteriad but well sclerotized lat- 
erad, without anterior pouch, articulating caudad with round, flattened intergon- 
opodal sclerite (igs, Fig. 33); sternal process absent. Colpocoxite relatively narrow, 
curving, bending, or leaning caudad, tapering distad to varying degrees, usually 
expanding and sinuate apically, stem with or without apical spicules and anterior, 
mesal, and lateral projections. Flagellocoxite divided basally into two or five 
simple or redivided, narrow, partly spiculate flagella. Telopodite relatively short, 
petiolate, broadly rounded to ovoid, ventral margin often flattened. 

Posterior gonopod sternum extending beyond lateral margins of coxa into short 
projection, with small mesal protuberance. Coxa large, endite usually developed 
into two to four short variable projections. Telopodite ovoid to angular, with long 
straight lateral sulcus, without raised marginal rim. Leg 10 coxa large basally. 
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tapering distad, apically slender, with two or three small projections; eversible 
vesicle large, occupying V2- 3 /4 of anteroventral surface; telopodite 2 /3— 3 A as long as 
11 th legs. 

Cyphopod valves equal or unequal, mesal larger, usually extending ventrad into 
irregular process. Receptacle relatively small, located on dorsal comers of valves. 
Postgenital plate absent. 

Distribution. — The Coast Mountain Range from Tillamook County, Oregon, 
to Del Norte County, California. 

Species. — Four. 

Remarks. — The sternal apparatus of Ochrogramma consists of a sclerotized 
plate which joins laterally with the large, rounded intergonopodal sclerite (igs, 
Fig. 33). The sternum articulates with the coxa by means of a pyramidal process 
as in Vasingtona, but there is no articulating sclerite. The colpocoxite may possess 
spiculate projections on the anterior face (pr, Fig. 34), and two to five simple or 
redivided flagella (f, Fig. 33) comprise the flagellocoxite. The telopodite, weakly 
sclerotized as in Vasingtona, is distinctly petiolate. 

In females the cyphopod valves (lv, mv, Fig. 38) extend ventrad into distinct 
processes, and there is a depression between the valves. There is no postgenital 
plate. On segment 2 the median sternal process (mp, Fig. 37) does not project 
between the coxae. There is also a paired anterior flattened area (fa), and the 
pleuroterga extend laterad into a pair of acute, triangular ventral laminae (vl). 


Key to Species of Ochrogramma 
(based on adult males) 

1. Flagellocoxite with two flagella; colpocoxite not expanding distad . 2 

Flagellocoxite with five flagella; colpocoxite expanding distad. 3 


2. Colpocoxite curving smoothly caudad, tapering distad, without anterior 

spicules (Fig. 24); Tillamook Co., OR. heterogona, new species 

Colpocoxite bent abruptly caudad distally, anterior surface with spicules 
(Figs. 22, 23); Washington to Coos cos., OR . bentona (Chamberlin) 

3. Colpocoxite with mesal process, lateral spur, and numerous anterior spic¬ 

ules (Fig. 21); Curry Co., OR, to Del Norte Co., CA ... haigi, new species 
Colpocoxite smooth, without projections or spicules (Fig. 20); Multnomah 
to Lane cos., OR . formosula, new species 

Ochrogramma heterogona , New Species 
(Figs. 24, 32) 

Type specimens.— Male holotype (AMNH) and two juvenile female paratypes 
(WAS) collected by E. M. Benedict, 9 April 1967, at Cape Lookout State Park, 
Tillamook Co., OR. Two male paratypes (WAS) taken by same collector, 15 
March 1972, 7 mi E Baline, Tillamook Co., OR. 

Diagnosis. — Colpocoxite tapering and curving smoothly caudad, without flanges 
or projections; flagellocoxite divided basally into two redivided branches. 

Holotype. —Ocellaria with rows of 7, 6, 4, and 2 ocelli, respectively; relative 
proportion of antennomeres 0.3, 1.1, 2.0, 1.5, 1.5, 1.0, and 0.4; mandibular stipes 
with well-developed ventral lamina. 

Collum 1/w ratio 80%. Body length 11 mm. 

Leg 7 coxa with small apical swelling. 
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Anterior gonopod (Fig. 24) colpocoxite curving smoothly and continuously 
caudad, tapering gradually to bifurcate tip, without flanges. Flagellocoxite divided 
into two flagella, lateral one (If) short, subdivided into two subequal branches, 
mesal one (mf) redivided into five branches, two apically bifurcate. Telopodite 
moderately expanded, apically flattened. 

Posterior gonopod coxal endite (Fig. 32) divided into mesal and lateral branches, 
latter longer, clavate, curving toward distal margin of telopodite, former broad, 
laminate, caudal corner produced and rounded. Telopodite moderately large, 
subtriangular. Leg 10 coxa with thin, elongate mesocaudal process. 

Distribution.— Known only from type and paratype localities. 

Remarks. — The specimens were collected in red cedar, spruce, huckleberry, and 
salmonberry litter. 

Ochrogramma bentona (Chamberlin), New Combination 
(Figs. 22, 23, 25-27, 33, 34, 37-44) 

Caseya bentona Chamberlin, 1952:2, figs. 3-6; Chamberlin and Hoffman, 1958: 

87. 

Type specimen.— Male holotype (NMNH) collected by V. Roth, 6 June 1951, 
on Mary’s Peak, Benton Co., OR. Three female paratypes (NMNH) taken by 
some collector, 11 Oct 1950, from McDonald Forest, Benton Co. On the label in 
the vial is the statement, “see mounts,” and since both pairs of gonopods are 
missing, we presume they were mounted on slides, which are lost. 

Diagnosis. —Colpocoxite bent abruptly caudad distally, anterior surface with 
numerous short spiculate projections; flagellocoxite divided basally into two fla¬ 
gella, lateral one not redivided. 

Description of male. — Ocellaria with rows of 7, 6, 5, 3, and 1 ocelli, respectively; 
relative proportions of antennomeres 0.3, 1.1, 1.9, 1.4, 1.6, 1.0, and 0.6; man¬ 
dibular stipes with typical narrowly rounded ventral lamina (Fig. 44). 

Collum 1/w ratio 83%. Pleurotergites 2-4 not folded ventrally. Body length 15 
mm. 

Legs 4-6 with small rounded coxal swellings. Leg 7 with coxa enlarged, swollen 
mesad. 

Anterior gonopod (Figs. 22, 23, 33, 34) colpocoxite curving smoothly caudad 
then bending abruptly (90°) caudad distally, anterior surface with numerous short 
spiculate projections distal to midlength, apically blunt, inner margin spiculate. 
Flagellocoxite divided basally into lateral and mesal flagella, former (If) not sub¬ 
divided, closely appressed to, and curving parallel to inner surface of colpocoxite, 
apically spiculate, mesal flagellum (mf) divided proximal to midlength, caudal 
branch redivided or apically filiform, anterior branch with short, simple or bi¬ 
furcate, filiform flagella or redivided basally into two spiculate subbranches, latter 
further split into 7-9 densely spiculate terminations. Telopodite moderate to large, 
apically flattened or rounded. 

Posterior gonopod coxal endite (Figs. 25-27, 42, 43) with one to four variable 
projections, much shorter than telopodite, mesal ones shorter than laterals, latter 
usually divided into two to four subequal processes, at least one projection falcate, 
curling cephalad. Telopodite relatively large, subtriangular. Leg 10 coxa with 
narrow lateral ledge, globose anterior projection, small cylindrical ventrocaudal 
and short, rounded mesal processes. 
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Figures 25-34. Ochrogramma spp. males. 25-32. Left posterior gonopods. 25-27. O. bentona, 
mesal aspect. 25. Specimen from Benton Co., OR. 26. Specimen from Lincoln Co., OR. 27. Specimen 
from Washington Co., OR. 28, 29. O. haigi holotype. 28. Mesal aspect. 29. Anterior aspect. 30, 31. 
O.formosula paratype, Linn Co., OR. 30. Mesal aspect. 31. Anterior aspect. 32. O. heterogona holotype, 
mesal aspect. 33, 34. Gonopods of O. bentona, Benton Co., OR. 33. Posterior aspect. 34. Anterior 
aspect. 
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Description of female. — Pleuroterga of segment 3 (Fig. 37) with subtriangular 
ventrolateral projections (vl); sternum with acuminate mesal process (mp), and 
broad flattened anterior areas (fa). Cyphopod valves unequal, lateral smaller, 
broad and rounded to narrow and elongate, mesal valve larger, configuration 
variable, often irregular and with ventral lobe (Figs. 39--41). 

Distribution. — Coastal Oregon from Washington to Coos counties. In addition 
to the types, the following specimens were examined: 

OREGON: Washington Co., 1 mi N Gaston, M, 2 Oct 1971, EMB (WAS); 2 
mi N Helvetia on Bishop Rd., M, 21 Jan 1968, D. R. Malcolm (WAS). Lincoln 
Co., 0.6 mi NW Elk City, M, 4 F, 20 Dec 1971, EMB (WAS); along OR hwy. 34 
between Tidewater and Waldport, 3 M, F, 19 Sep 1946, J. C. Chamberlin (FSCA); 
State Forest Camp E of Waldport, M, 30 Oct 1960, D. R. Malcolm (WAS); 12 
mi E Kemville, 7 M, 3 F, 28 Jan 1970 (UCD); 10 mi SE Kemville, F, 17 Feb 
1969, R. L. Westcott and E. M. Fisher (UCD); 1.4 mi N Nashville, M, 2 F, 20 
Dec 1971, EMB (WAS). Benton Co., McDonald Forest near Corvallis, 3 M, 3 F, 
4 Mar 1969, 3 M, 5 F, 13 Nov-18 Dec 1968, R. L. Westcott (UCD); 6 mi N 
Corvallis, Sulphur Spr., F, 26 Mar 1969, EMB (WAS); 6 mi N Corvallis, Peavy 
Arboretum, M, 17 Jan 1973, L. Russell (RLH); 0.5-2.3 mi NW Glenbrook, M, 

4 F, 4 Dec 1971, EMB (WAS); Sulphur Spgs., M, 3 F, 18 Oct 1962, C. W. Baker 
(RLH). Lane Co., 11 mi NE Blue River, Andrews Exp. For., 2 M, F, 18 Oct-9 
Nov 1982, G. L. Parsons (RLH, NCSM). Douglas Co., 7.7 mi SW Cottage Grove, 
F, 23 Mar 1968 (UCD); 0.7 mi W Scottsburg, along Umpqua R., M, 11 Dec 1971, 
EMB (WAS); 4.5 mi E Wells Cr. Ranger Sta., F, 11 Dec 1971, EMB (WAS); 2 
mi N Melrose, M, 7 Feb 1972, EMB (WAS); near Cleveland Hill Cemetery, M, 
3 F, 7 Feb 1972, EMB (WAS). Coos Co., 8-15 mi E Allegany, M, 13 F, 20-21 
Nov 1971, EMB (WAS). Polk Co., 4.7 mi E Valsetz, F, 20 Nov 1968, EMB (WAS). 

Remarks. — Despite the absence of topotypical males to confirm the identity of 
O. bentona, we think that the name refers to this common species in Benton 
County. Chamberlin (1952) did not mention a mandibular modification in the 
original description, but the stipes of a nearby Lincoln County male possess ventral 
laminas (Fig. 44). Moreover, the yellow middorsal stripe, which he did report, is 
clearly visible after 36 yr in preservative. Although Chamberlin’s drawings of the 
anterior and posterior gonopods (1952: figs. 3-6) amount to rough sketches, they 
vaguely resemble males we illustrate, particularly in the posterior gonopods. As 
first revisers, we therefore assign O. bentona to this form. 

Ochrogramma bentona has been taken from mixed conifer-deciduous duff”, from 
litter beneath ash trees, and also from bark, moss, and litter from the riparian 
zone of a creek. 

Ochrogramma haigi, New Species 
(Figs. 21, 28, 29) 

Type specimens. — Male holotype and one female and three juvenile paratypes 
(UCD) collected by T. R. Haig, 7 May 1971, along CA highway 199, 5 mi SW 
Gasquet, Del Norte Co., CA. Paratypes collected by E. M. Benedict, 12 February 
1972, from Curry Co., OR (WAS), as follows: M, 5 mi N Brookings; M, F, 4 mi 

5 Pistol River. 

Diagnosis. — Colpocoxite leaning caudad, expanding distal to midlength then 
tapering to bisinuate tip, inner margin spiculate, stem with lateral spur, spiniform 



200 


PAN-PACIFIC ENTOMOLOGIST 



formosula 







bentona 


Figures 35-41. Ochrogramma spp. females. 35, 36. Right cyphopods of O. formosula paratype, 
Linn Co., OR. 35. Anteroventral aspect. 36. Lateral aspect. 37-41. O. bentona. 37, 38. Specimen from 
Lincoln Co., OR. 37. Leg 3, anterior aspect. 38. Right cyphopod, anterior aspect. 39-41. Right 
cyphopod, lateral aspect. 39. Specimen from Lincoln Co., OR. 40. Specimen from Coos Co., OR. 41. 
Specimen from Lincoln Co., OR. 
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mesal process, and nine spiculate projections on anterior surface; flagellocoxite 
divided basally into five long narrow flagella. 

Holotype. — Ocellaria with rows of 7, 6, 5, 3, and 1 ocelli, respectively; relative 
proportions of antennomeres 0.3, 1.3, 2.2, 1.8, 1.7, 1.0 and 0.5; mandibular stipes 
with well-developed, rounded, ventral lamina. 

Collum 1/w ratio 77%. Pleurotergites 2-4 with strong marginal carinae, that of 
segment 3 folded inward. Body length 14 mm. 

Leg 7 coxa swollen slightly ventrad beyond telopodite socket; latter normal. 

Anterior gonopod colpocoxite (Fig. 21) broad basally, leaning caudad, tapering 
distal to midlength than expanding and tapering again to bisinuate tip; inner 
margin distally spiculate; mesal surface with three slender spiniform processes at 
midlength; anterior surface with nine short, finely spiculate processes at % length; 
lateral surface with triangular spur at length. Flagellocoxite divided basally into 
five long, narrow, distally spiculate flagella directed toward distal part of colpo¬ 
coxite, about % as long as latter. Telopodite moderate-size, apically flattened. 

Coxal endite of posterior gonopod (Figs. 28, 29) a simple, short projection, 
curving caudad, with short mesal spur. Telopodite profile subtriangular. Leg 10 
coxa apically with short, rounded mesal, and long, thin caudal processes. 

Female paratype.—C yphopod valves long and narrow, lateral valve slightly 
longer, curving laterad. 

Distribution.— Known only from the southwestern comer of Oregon and the 
northwestern comer of California. In addition to the type and paratype localities, 
the following sample was examined: 

CALIFORNIA: Del Norte Co., 2 mi N Ft. Dick, 3 M, F, 21 Nov 1953, V. Roth 
(NMNH). 

Ochrogramma formosula y New Species 
(Figs. 20, 30, 31, 35, 36, 45-48) 

Type specimens. — Male holotype and two male and one female paratypes (UCD) 
collected by R. L. Westcott, 10 March 1969, 2 mi SE Gates, Linn Co., OR. Other 
paratypes, all from Oregon, as follows: Lane Co., 4 mi N, 10 mi E Lowell, M, 4 
Mar 1972, EMB (WAS). Marion Co., 2 mi W Mehama, M, 24 Feb 1970, J. S. 
Buckett and R. L. Westcott (UCD); 1.5 mi S Mill City, F, 9 Mar 1969, E. M. 
Fisher (UCD). Multnomah Co., 3 mi E Troutdale, F, 24 Nov 1969, K. Goeden 
(UCD). 

Diagnosis.— Colpocoxite curving strongly caudad at midlength, expanding dis¬ 
tally into smooth, sinuate flange along inner margin, apically bisinuate, stem 
without projections; flagellocoxite divided basally into five long, narrow flagella. 

Holotype.— Ocellaria with rows of 7, 6, 4, and 2 ocelli, respectively; relative 
proportions of antennomeres 0.3, 1.0,1.9, 1.3, 1.5, 1.0, and 0.5; mandibular stipes 
with well-developed ventral lamina. 

Collum 1/w ratio 75%. Body length 12 mm. 

Sternum of segment 2 produced into dactyliform process between coxae. Leg 
1 (Fig. 45, not this specimen) relatively long, prefemur longest podomere, tarsus 
with row of stiff, erect setae mesally. Leg 2 (Fig. 46, not this specimen) podomeres 
of normal proportions; gonopophysis length subequal to that of telopodite, apically 
rounded, bent anteriad. Leg 3 (Fig. 47, not this specimen) coxa expanding broadly 
beyond telopodite articulation, apically rounded; telopodite only slightly longer 
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Figures 42-48. Ochrogramma spp. males. 42, 43. Right posterior gonopod of O. bentona from 
Washington Co., OR. 42. Lateral aspect. 43. Anterior aspect. 44. Head of O. bentona from Lincoln 
Co., OR, lateral aspect. 45-48. Male legs of O. formosula paratype, Linn Co., OR. 45. Leg 1, posterior 
aspect. 46. Leg 2, anterior aspect. 47. Leg 3, posterior aspect. 48. Leg 7, posterior aspect. 
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than coxa. Legs 4-6 with coxae slightly swollen. Leg 7 (Fig. 48, not this specimen) 
coxa expanding slightly ventrally. 

Anterior gonopod colpocoxite (Fig. 20) curving strongly caudad at midlength, 
tapering to % length, then expanding sharply along inner margin into smooth, 
sinuate flange, stem without spicules or projections. Flagellocoxite divided basally 
into five long, narrow, distally spiculate flagella, directed toward distal part of 
colpocoxite, about % as long as latter. Telopodite relatively large, apically rounded, 
ovoid. 

Coxal endite of posterior gonopod (Figs. 30, 31) broad, lateral corner elongate, 
falcate, mesal corner short, truncate. Telopodite profile angular. Leg 10 coxa with 
short, rounded mesal, and long, thin mesocaudal processes. 

Female paratype. — Cyphopod valves subequal, with long, curved lateral, and 
shorter, straight mesal projections (Figs. 35, 36). 

Distribution. — Known only from the type and paratype localities on the eastern 
slope of the Willamette Valley in the Cascade foothills, from the Columbia River 
to central Lane County. 

Genus Opiona Chamberlin 

Opiona Chamberlin, 1951:8; Causey, 1954:81; 1963:197; Chamberlin and Hoff¬ 
man, 1958:88; Buckett, 1964:13; Jeekel, 1971:73; Shear, 1972:259; Hoffman, 

1979:138; Kevan, 1983:2967. 

Type species.—Opiona Columbiana Chamberlin, 1951, by original designation. 

Diagnosis.— Small caseyids (8-14 mm) characterized by short 2nd and 3rd legs 
of males and by following features of anterior gonopods: sternal process and 
telopodite present, flagellocoxite produced as lobe bearing numerous long, fine 
flagella or three lanceolate projections. 

Color. —Head dark brown dorsally, light ventrally, antennae brown. Dorsum 
brown dorsally, depigmented around setae; venter mottled brown. 

Description. — Head with epicranial suture distinct, ending between ocellaria; 
latter with 2-4 rows of from 6 to 16 ocelli; mandibular stipes not modified. 

Collum narrower than head, longer than segment two, 1/w ratio 50-66%, anterior 
margin evenly curved, rim raised and continuing to caudal margin. Pleurotergite 
2 with ventral margin straight, truncate, indented, or with caudal corner acute; 
often extending below level of adjacent pleurotergite; 3rd pleurotergite with ventral 
margin straight, rounded, concave, or with caudal notch; ventral margins of 4th 
pleurotergites rounded, truncate, or with anterior or caudal comers produced; 
ventral margins of remaining pleurotergites broadly rounded, surfaces finely ru- 
gulose. Dorsal setae variable in length and thickness, slender to spatulate, occa¬ 
sionally larger on caudal segments. Striae variable, faint to well developed, distinct, 
usually faint on anterior segments, located ventrolaterad on anterior segments, 
extending to middorsum in midbody region. 

Pregonopodal legs of males: Leg 1 six-segmented, often robust or crassate, 
proximal podomeres occasionally with small lobes, tarsus with longitudinal row 
of erect mesal setae (Fig. 49). Leg 2 (Fig. 50) also with 6 segments but much 
smaller, V4-V2 as long as 1st leg, recessed in body cavity; tarsal claw rudimentary 
or absent. Gonopophysis (Fig. 50) variable, V2 as long to longer than 2nd leg, 
curving cephalad and tapering to an acute apex. Leg 3 (Fig. 51) coxa elongate, 
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Figures 49-63. Opiona spp. males. 49-52. Legs of O. casualis holotype. 49. Leg 1, posterior aspect. 
50. Leg 2, anterior aspect. 51. Leg 3, posterior aspect. 52. Leg 7, posterior aspect. 53. O.facetia, details 
of coxosternal articulation. 54-56. O. confusa holotype. 54. Left anterior gonopod, lateral aspect. 55. 
The same, posterior aspect. 56. Right posterior gonopod, anterior aspect. 57-59. O. distincta holotype. 
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dorsoventrally flattened, extending into variable lobe beyond articulation oftelop- 
odite; latter short, occasionally shorter than coxa prefemur often expanded and 
flattened, occasionally longer than remaining podomeres, tarsus usually minute. 

Anterior gonopod sternum relatively narrow, extending laterad as variable pro¬ 
cess, short to long, straight or bent, truncate, clavate, or acicular, with or without 
apical setae; apodemes broad. Colpocoxite relatively large, usually upright or 
curving caudad to varying degrees, occasionally curving slightly cephalad, with 
or without serrate, striate projections from caudal surface usually arising near 
midlength, simple or variably divided distad, divisions with or without setae. 
Flagellocoxite with rounded, conical, or triangular basal sclerite, either with three 
lanceolate projections or numerous flagella arising either apically or from caudal 
margin. Telopodite usually smaller than coxal sclerites and sternal process, oc¬ 
casionally partly or completely obscured by latter in lateral and caudal views; 
configuration variable, short or long and narrow, oblong, rounded, bulbous, or 
petiolate. 

Posterior gonopod sternum moderately broad, medially concave, length vari¬ 
able, extending to levels of apodeme, or midlength or lateral margins of coxae, 
without lateral projections. Coxa moderately large, endite variable, shorter than, 
subequal to, or longer than length of telopodite, configuration variable, simple or 
divided into two or three variable projections, with or without basal spur. Telopo¬ 
dite ovoid, rounded, or laterally flattened, with or without submarginal rims, 
inner surface flat or concave, with or without lobes demarcated by emarginations, 
sulci, or constrictions. Leg 10 coxa with large anterior eversible vesicle and variable 
mesal process; telopodite slightly smaller. 

Cyphopod valves subequal or unequal, mesal usually larger, usually rounded 
or irregular, occasionally with caudal lobes. Receptacle usually consisting of basal 
and angular sclerotized bars on caudal comer of valves. Postgenital plate absent. 

Distribution. — Known from two allopatric areas, one from southern Oregon to 
southern British Columbia and Vancouver Island, and the other along the central 
California coast from Mendocino to Santa Cruz counties. 

Species. — Thirteen, one divided into three geographic races. 

Remarks. — In the anterior gonopods of Opiona, the sternal process (sp, Fig. 
53) is long and extends ventrad beyond the articulation of the sternum and basal 
coxal plate. The flagellocoxite usually bears numerous filiform flagella which are 
closely appressed to the colpocoxite, the most prominent structure of the anterior 
gonopods in all species except O. confusa (Figs. 54, 55). Here the colpocoxite is 
partly obscured by, and appears to function as a support for, the lanceolate pro¬ 
jections of the flagellocoxite. The telopodite attaches posteriorly to the coxal plate 
and is a comparatively small and insignificant part of the gonopod in contrast to 
its condition in Caseya. 

The cyphopod valves of Opiona (Figs. 103-110) are generally separate, rounded, 
tend to lack projections, and are usually unequal, with the mesal valve larger. 


57. Left anterior gonopod, lateral aspect. 58. The same, posterior aspect. 59. Right posterior gonopod, 
anterior aspect. 60-63. O. bifurcata holotype. 60. Left anterior gonopod, lateral aspect. 61. The same, 
posterior aspect. 62. Right posterior gonopod, anterior aspect. 63. Left posterior gonopod, mesal 
aspect. 
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The oviduct pore (o, Fig. 104) is situated centrally behind the receptacle at the 
end of a recessed groove. 

The second legs of females (Fig. 100) are similar to those in Vasingtona', the 
3rd legs are not separated by the median sternal process (mp, Fig. 102). The 
flattened areas (fa) of the 4th sternum are low, and the inner corners of the laminate 
ventrolateral projections (vl) are acuminate. 

Key to Species and Subspecies of Opiona 
(based on adult males) 

1. Flagellocoxite with three lanceolate projections, longer than colpocoxite 

(Fig. 54); Lincoln Co., OR. confusa, new species 

Flagellocoxite with long, hair-like flagella. 2 

2. Sternal process of anterior gonopod large, robust, prominent from caudal 

aspect, often partly concealing telopodite; colpocoxite flattened later¬ 
ally, divided distad, caudal division acute or rounded (Figs. 57, 60, 65, 

68, 72, 74). 3 

Sternal process of anterior gonopod slender, inconspicuous, not conceal¬ 
ing telopodite; colpocoxite usually curving caudad, upright in one species 
(Figs. 77, 80, 83, 86, 89, 92, 94) . 9 

3. Sternal process very long, subequal to length of colpocoxite, distally bi¬ 

furcate (Figs. 215, 216); Mendocino Co., CA . siliquae Causey 

Sternal process simple, acuminate or truncate. 4 

4. Caudal division of colpocoxite broadly laminate or acute, not setose (Figs. 

57,58,60,61) . 5 

Caudal division of colpocoxite flattened or rounded, setose (Figs. 64, 67, 

70, 73) . 6 

5. Sternal process long, acuminate, curving cephalad between colpocoxites; 

anterior division of colpocoxite curved mesad (Figs. 57, 58); Sonoma 

Co., CA . distincta, new species 

Sternal process short, truncate; anterior division straight (Figs. 60, 61); 
Mendocino Co., CA . bifurcata, new species 

6. Colpocoxite with caudal division rounded, directed mesad (Figs. 64, 65); 

Napa Co., CA. berryessae, new species 

Colpocoxite with caudal division flattened .. communis, new species ... 7 

7. Sternal process prolonged distally, acuminate; coxal endite of posterior 

gonopod with distinct subapical tooth (Fig. 75); Napa and Sonoma cos., 

CA. communis prolixa, new subspecies 

Sternal process not or only slightly prolonged; coxal endite without dis¬ 
tinct subapical tooth . 8 

8. Colpocoxite central division (cd, Fig. 70) relatively long, overhanging 

anterior division; posterior division extending moderately mesad (Fig. 

71); Santa Cruz to Sonoma and Solano cos., CA . 

.... communis communis, new subspecies 

Colpocoxite central division relatively short, terminating well before level 
of anterior division; posterior division extending strongly mesad (Figs. 

67, 68); Marin and Sonoma cos., CA ... 

. communis angusta, new subspecies 
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9. Colpocoxite either with striate, serrate caudal projection or caudal margin 

displaying these features (Figs. 79, 82, 85). 10 

Caudal margin of colpocoxite smooth, with or without projection (Figs. 

76, 88, 92, 93) . 12 

10. Flagellocoxite very long, length subequal to or slightly longer than that 

of colpocoxite (Figs. 85, 86); King Co., WA, to vicinities of Vancouver 

and Victoria, BC . Columbiana. Chamberlin 

Flagellocoxite much shorter than colpocoxite . 11 

11. Sternal process apically curled, simple, acuminate, not setose (sp, Fig. 

82); Sonoma and Mendocino cos., CA . exigua, new species 

Sternal process apically clavate, setose (Fig. 79); Polk to Clatsop cos., OR 
. goedeni, new species 

12. Anterior gonopod telopodite relatively large, inflated, petiolate (Figs. 77, 

94). 13 

Anterior gonopod telopodite relatively small and inconspicuous, not in¬ 
flated or petiolate (Figs. 89, 91) . 14 

13. Flagella of flagellocoxite extending parallel to colpocoxite nearly to tip; 

latter distally divided, upright (Fig. 93); Lincoln and Lane cos., OR .. 

. fisheri, new species 

Flagella much shorter, removed from and terminating well below tip of 
colpocoxite; latter distally entire, curving strongly caudad (Fig. 76); 
Polk and Lincoln cos., OR. casualis, new species 

14. Sternal process of anterior gonopod long, acicular, not setose; distal di¬ 

visions of colpocoxite relatively short, straight (Figs. 88, 89); Marion 

and Clackamas cos., OR . facetia, new species 

Sternal process of anterior gonopod short, clavate, apically setose; distal 
divisions of colpocoxite long, curving strongly caudad (Fig. 92); Douglas 
Co., OR . scytonotoides, new species 

Opiona confusa , New Species 
(Figs. 54-56, 106) 

Type specimens.— Male holotype and four male and nine female paratypes 
(UCD) collected by J. S. Buckett and K. Goeden, 28 January 1970, 12 mi SE 
Kernville, Lincoln Co., OR. 

Diagnosis. — Characterized by short truncate sternal process curving mesad cau¬ 
dal to colpocoxite and anterior to telopodite; flagellocoxite not flagellate, divided 
into three lanceolate processes, mesalmost curving over colpocoxite; latter short, 
partly obscured by flagellocoxite. 

Holotype. —Ocellaria with rows of 6, 5, 3 and 1 ocelli, respectively; relative 
proportions of antennomeres 0.3, 1.2, 2.3, 1.5, 1.7, 1.0, 0.5. 

Collum 1/w ratio of 65%. Pleurotergites 2-3 with margins straight, former ex¬ 
tending below latter; pleurotergite 4 with margin rounded. Body length 11 mm. 

Leg 1 with all podomeres except tarsus crassate. Leg 2 l A as long as former, 
tarsus minute, claw absent; gonapophysis Vi as long as leg. Leg 3 coxa with rounded 
distomedial lobe; telopodite short, articulating distal to midlength of coxa, pre¬ 
femur flattened, wider than coxa, longer than remaining podomeres. 

Anterior gonopod (Figs. 54, 55) sternal process short, truncate, extending mesad 
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on caudal side of colpocoxite and anterior side of telopodite. Colpocoxite short, 
broad, divided distally into transverse, mesal and shorter lateral branches. Fla- 
gellocoxite (fl, Fig. 54) with large rounded basal sclerite, divided into three long 
lanceolate projections, mesalmost longest and curving caudad over colpocoxite, 
lateral projections parallel and closely appressed to each other, extending caudad 
between branches of colpocoxite. Telopodite small, distally rounded. 

Posterior gonopod (Fig. 56) sternum terminating at level of apodeme, slightly 
indented mesally. Coxal endite divided, mesal branch long, bent laterad distally, 
tapering to acuminate tip and touching mesal surface of telopodite, lateral process 
shorter, spiniform. Telopodite with submarginal rims, outer lobe demarcated by 
deep emargination. Leg 10 coxa with low, rounded lateral lobe, and large, mesal 
process. 

Female paratype.—C yphopod with mesal valve rounded, much larger than 
lateral valve (Fig. 106). 

Distribution.—Known only from the type locality. 

Opiona siliquae Causey 
(Figs. 215-218) 

Opiona siliquae Causey, 1963:197-198, figs. 5-8; Buckett, 1964:13. 

Type specimens.— Male holotype and 1 female paratype (NMNH) and 3 male, 
3 female, and 2 juvenile paratypes (CAS) taken by R. E. Graham, 2 January 1960, 
in Fault Rock Cave, Mendocino Co., CA. This site is near Spy Rock in section 
32, T24N, R14W (T. Briggs, pers. comm.). Causey (1963) designates the CAS as 
the repository for the holotype, but she sent this specimen and a female paratype 
to the NMNH after writing and possibly even after publishing the description, as 
shown by their accession records. Thus, it appears that the NMNH was the 
intended repository for the holotype and that her printed statement is wrong. The 
curators at the NMNH and CAS are negotiating this matter, and since the type 
repository may change, future workers should contact both institutions. 

Diagnosis. —Characterized by large, branched sternal process of anterior gon- 
opods, covering telopodite, length subequal to that of colpocoxite; latter apically 
broad, trunate, without setae; flagellocoxite with long flagella. 

Holotype. —Ocellaria with rows of 5, 4 and 1 ocelli, respectively. 

Collum 1/w ratio 60%. Pleurotergite 2-3 with margins truncate and rounded, 
respectively; that of segment 4 with margin obliquely truncate, caudal comer 
produced. Striae faint on all segments. Dorsal setae slender. Body length 9 mm. 

Leg 2 Vs as long as first leg, tarsus minute, tarsal claw absent; gonapophysis 
longer than leg. Leg 3 coxa spatulate, apically rounded; telopodite short, all podo- 
meres slightly swollen. 

Anterior gonopod (Figs. 215,216) sternal process extending around caudal side 
of telopodite, terminating in two long, acute branches, mesal branch apically 
bifurcate, length subequal to that of colpocoxite. Latter apically broad, truncate, 
without setae, with slender acute anterior projection. Flagellocoxite with long 
flagella closely appressed to caudal surface of colpocoxite. Telopodite minute, 
completely obscured by sternal process. 

Posterior gonopod (Fig. 217) sternum mesally concave, extending to level of 
coxal endite. Latter divided into short, acute lateral and long, tapered mesal 
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processes. Telopodite ovoid in profile, inner surface strongly concave, with lateral 
sulcus, ventral margin rounded. Leg 10 coxa with elongate mesal process. 

Female paratype. —C yphopod valves low, subequal (Fig. 218). 

Distribution. — Known only from the type locality. 

Remarks. — Though collected in a cave, siliquae lacks specializations and prob¬ 
ably is a troglophile as noted by Causey (1963). 

Opiona distincta, New Species 
(Figs. 57-59, 101) 

Type specimens. — Male holotype and one male and two female paratypes (UCD) 
collected by J. S. Buckett, 29 November 1968, 2.5 mi SE Guerneville, Sonoma 
Co., CA. 

Diagnosis. —Characterized by long, acicular sternal process curving caudad 
around telopodite then anteriad between colpocoxites; latter broad, with anterior 
and posterior distal projections, former curving mesad, latter narrow, acute, and 
without setae; flagellocoxite with numerous flagella. 

Holotype.— Ocellaria with rows of 5, 3 and 1 ocelli, respectively; relative pro¬ 
portions of antennomeres 0.4, 0.9, 2.3, 1.3, 1.9, 1.0, 0.6. 

Collum 1/w ratio 60%. Pleurotergites 2-3 with margins truncate and rounded, 
respectively; that of segment 4 with margin obliquely truncate, caudal comer 
produced. Striae faint. Dorsal setae well developed. Body length 8 mm. 

Leg 2 V 2 as long as 1st leg; gonapophysis longer than telopodite. Leg 3 coxa 
apically broad; telopodite shorter than that of 2nd leg, tarsus minute, other seg¬ 
ments slightly swollen. 

Anterior gonopod (Figs. 57, 58) sternal process long, acicular, extending caudally 
around telopodite and cephalad between colpocoxites. Latter broad, with anterior 
and posterior distal projections, former short, acute, curving mediad, latter short, 
acuminate, without setae. Flagellocoxite with rounded basal sclerite and numerous 
flagella closely appressed to colpocoxite. Telopodite bulbous, ovoid, mostly con¬ 
cealed by sternal process. 

Posterior gonopod (Fig. 59) sternum extending to level of apodeme, slightly 
concave medially. Coxal endite long, curving laterad. Telopodite ovoid, with 
lateral sulcus, ventral margin rounded. Leg 10 coxa with clavate mesal process. 

Female paratype. — Cyphopod valves broad, mesal one slightly larger. Leg 3 
telopodite with three segments (Fig. 101). 

Distribution. —Known only from the type locality. 

Opiona bifurcata, New Species 
(Figs. 60-63) 

Type specimens. — Male holotype (UCD) collected by J. S. Buckett, M. R. Gard¬ 
ner, and J. R. Heifer, 21 December 1964, at Russian Gulch State Park, 2 mi N 
Mendocino, Mendocino Co., CA. One male paratype (UCD) collected by R. D. 
Clemens, 8 April 1971, 4 mi S Fort Bragg, Mendocino Co., CA. 

Diagnosis. —Characterized by short, truncate sternal process; colpocoxite with 
three apical divisions, central division with prominent mesal projection, posterior 
division flattened, laminate, without setae; flagellocoxite with numerous flagella. 

Holotype. — Ocellaria with rows of 6, 4 and 1 ocelli, respectively; relative pro¬ 
portions of antennomeres 0.4, 1.5, 2.5, 1.6, 2.1, 1.0, 0.8. 
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Collum 1/w ratio 56%. Pleurotergites 2-3 with margins truncate and rounded, 
respectively; that of segment 4 with margin obliquely truncate, caudal comer 
produced. Striae faint. Dorsal setae well developed. 

Leg 2 about l h as long as 1st leg; gonapophysis longer than telopodite. Leg 3 
coxa apically rounded; telopodite shorter than that of 2nd leg, tarsus minute, other 
segments swollen. 

Anterior gonopod (Figs. 60, 61) sternal process short, broad, truncate, partly 
obscuring telopodite. Colpocoxite broad, with three apical divisions, anterior 
division short, acute, central division broad, with prominent curved mesal pro¬ 
jection, posterior division (pd, Fig. 60) flattened, laminate, without setae. Fla- 
gellocoxite with rounded basal sclerite, flagella numerous, closely appressed to 
colpocoxite. Telopodite short, narrow, partly concealed by sternal process. 

Posterior gonopod (Figs. 62, 63) sternum extending to lateral margin of coxa, 
with narrow, subacuminate mesal projection. Coxal endite long, broad basally, 
narrowing then expanding at midlength, tapering and curving distally to acute 
tip, situated in mesal concavity on telopodite. Latter ovoid, ventral margin round¬ 
ed, with lateral sulcus. Leg 10 coxa with elongate, subcylindrical mesal process, 
tapering distad to rounded apex. 

Distribution. —Known only from the type and paratype localities. 

Remarks. — Opiona bifurcata occurs sympatrically with Opiona exigua at Rus¬ 
sian Gulch State Park, the only known instance of sympatry in the genus. 

Opiona berryessae, New Species 
(Figs. 64-66, 109) 

Type specimens. — Male holotype and one female paratype (UCD) collected by 
J. S. Buckett and M. R. Gardner, 12 November 1969, 12 mi W Winters, Napa 
Co., CA. 

Diagnosis. — Characterized by basally broad sternal process, apically acuminate 
and curled; colpocoxite with three distal divisions, anterior curving mesad, pos¬ 
terior rounded, directed mesad, apically setose; flagellocoxite with numerous very 
fine flagella. 

Holotype. — Ocellaria with rows of 6, 4 and 3 ocelli, respectively; relative pro¬ 
portions of antennomeres 0.4, 0.9, 2.2, 1.1, 1.6, 1.0, 0.6. 

Collum 1/w ratio 65%. Pleurotergites 2-3 with margins truncate and rounded, 
respectively; that of segment 4 with margin obliquely truncate and folded mesad, 
with two marginal notches. Striae faint on all segments. Dorsal setae well devel¬ 
oped. Body length 8 mm. 

Leg 2 about as long as 1st leg, tarsus minute; gonapophysis longer than 
telopodite. Leg 3 coxa spatulate, with large rounded apical lobe; telopodite short, 
directed laterad, tarsus minute. 

Anterior gonopod (Figs. 64, 65) sternal process broad basally, tapering to acu¬ 
minate tip, curling anteromesad, partly obscuring telopodite. Colpocoxite broad 
with three distal divisions, anterior division rounded, curving strongly mesad, 
central division truncate, anterior corner sharply acute, posterior division round¬ 
ed, directed mesad, apically setose. Flagellocoxite with rounded basal sclerite, 
flagella relatively short and very fine, closely appressed to colpocoxite. Telopodite 
short, flat, mostly concealed by sternal process. 

Posterior gonopod (Fig. 66) sternum terminating at level of apodeme, slightly 
concave medially. Coxal endite broad basally, divided into short, acute lateral 
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Figures 64-75. Opiona spp. males. 64-66. O. berryessae holotype. 64. Left anterior gonopod, lateral 
aspect. 65. The same, posterior aspect. 66. Right posterior gonopod, anterior aspect. 67-69. O. com¬ 
munis angusta holotype. 67. Left anterior gonopod, lateral aspect. 68. The same, posterior aspect. 69. 
Right posterior gonopod, anterior aspect. 70-72. O. c. communis holotype. 70. Left anterior gonopod, 
lateral aspect. 71. The same, posterior aspect. 72. Left posterior gonopod, mesal aspect. 73-75. O. c. 
prolixa holotype. 73. Left anterior gonopod, lateral aspect. 74. The same, posterior aspect. 75. Left 
posterior gonopod, mesal aspect. 
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and long falcate mesal processes. Telopodite small, laterally flattened, ventral 
margin rounded, with lateral sulcus. Leg 10 coxa with broad mesal process. 

Female paratype. — Cyphopod valves small, unequal, mesal valve larger. Re¬ 
ceptacle (r, Fig. 109) relatively large, longer than width of valves, extending be¬ 
neath latter to opposite side. 

Distribution. —Known only from the type locality. 

Remarks. — Opiona berryessae was discovered in a dry area in the innermost 
Coast Range. 


Opiona communis, New Species 

Diagnosis.— Characterized by sternal process variably prolonged apically; col- 
pocoxites flattened, with three distal divisions, anterior one short, acute, separated 
to varying degrees from variably linear central division, posterior division flat¬ 
tened, laminate, apically setose; flagellocoxite with numerous flagella. 

Remarks . — We judge three closely similar forms in the San Francisco Bay area 
of central California to be races of a single widespread species. Intermediate forms 
are currently lacking, but the degree of similarity, greater than that between other 
forms of Opiona, justifies subspecific recognition. 

Opiona communis communis, New Subspecies 
(Figs. 70-72, 100) 

Type specimens. —Male holotype and female paratype (UCD) collected by J. S. 
Buckett, 20 December 1969, 3 mi N Kenwood, Sonoma Co., CA. Additional 
paratypes as follows: Solano Co., 2.5 mi W Cordelia, M, F, 25 Nov 1964, J. S. 
Buckett (UCD). Santa Cruz Co., 12 mi N Boulder Cr., 4 M, F, 22 Jan 1955, D. 
Burdick and M. Washbauer (CIS). 

Diagnosis.— Sternal process of anterior gonopods slightly prolonged apically; 
central division of colpocoxite relatively long, overhanging and narrowly separated 
from anterior; coxal endite of posterior gonopod with suggestion of tooth at 
midlength. 

Holotype.— Ocellaria with rows of 6, 4 and 2 ocelli, respectively; relative pro¬ 
portions of antennomeres 0.3, 0.8, 1.9, 1.2, 1.5, 1.0, 0.5. 

Pleurotergites 2-3 with margins truncate and rounded, respectively, that of 
segment 4 with margin obliquely truncate, caudal comer produced. 

Leg 2 l A as long as 1 st leg, telopodite crassate; gonapophysis longer than telopo¬ 
dite. Leg 3 coxa apically broad, rounded; telopodite about Vi as long as coxa, 
directed laterad, tarsus minute. 

Anterior gonopod (Figs. 70, 71) sternal process slightly prolonged, apically acute. 
Colpocoxite with short acute anterior division (ad. Fig. 70) narrowly separated 
from central division (cd); latter relatively long, overhanging former; posterior 
division (pd) flattened, laminate, curving mesad in semicircular arc. Flagellocoxite 
with ovoid basal sclerite, flagella numerous, narrowly separated from colpocoxite. 
Telopodite small, bulbous. 

Posterior gonopod (Fig. 72) sternum extending to lateral margin of coxa, with 
short acute mesal process. Coxal endite falcate, with suggestion of tooth at mid¬ 
length. Telopodite subovoid, laterally flattened, with shallow lateral sulcus. Leg 
10 coxa with cylindrical mesal process. 

Distribution.— Known only from the type and paratype localities. 




Figures 76-87. Op Iona spp. males. 76-78. O. casual is holotype. 76. Left anterior gonopod, lateral 
aspect. 77. The same, posterior aspect. 78. Right posterior gonopod, anterior aspect. 79-81. O. goedeni 
paratype, Clatsop Co., OR. 79. Left anterior gonopod, lateral aspect. 80. The same, posterior aspect. 
81. Right posterior gonopod, anterior aspect. 82-84. O. exigua. 82. Left anterior gonopod of topo- 
paratype, lateral aspect. 83. The same, posterior aspect. 84. Right posterior gonopod of paratype from 
Sonoma Co., CA, anterior aspect. 85-87. 0. Columbiana from King Co., WA. 85. Left anterior gonopod, 
lateral aspect. 86. The same, posterior aspect. 87. Right posterior gonopod, anterior aspect. 
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Opiona communis angusta, New Subspecies 
(Figs. 67-69) 

Type specimens. — Male holotype and five male and five female paratypes (UCD) 
collected by J. S. Buckett, 26 November 1964, along Bennett Valley Rd., 6 mi 
SSE Santa Rosa, Sonoma Co., CA. Two male and two female paratypes (UCD) 
taken by same collector, 24 December 1964, 6 mi N Cloverdale, Sonoma Co. 

Diagnosis.— Sternal process of anterior gonopods (Figs. 67, 68) not prolonged 
apically; central division of colpocoxite relatively short, widely separated from 
and not overhanging anterior division; coxal endite of posterior gonopod broad 
basally, distally acicular, with short basal spur (Fig. 69). 

Distribution. — Coastal California north of San Francisco Bay. In addition to 
the types, specimens were examined from the following localities: 

Marin. Co., 1 mi S Inverness, M, F, 30 Jan 1959, D. D. Linsdale (FSCA). 
Sonoma Co., 2 mi E Santa Rosa, 11 M, 18 F, juvs., 3 Feb 1962, J. S. Buckett 
(FSCA). 


Opiona communis prolixa, New Subspecies 
(Figs. 73-75) 

Type specimens. — Male holotype and two female paratypes (UCD) collected by 
R. Raney and R. O. Schuster, 3 January 1958, 7 mi W Oakville, Napa Co., CA. 
One male and two female paratypes (UCD) connected by J. S. Buckett and M. 
R. Gardner, 26 November 1964, 7 mi NE Santa Rosa, Sonoma Co., CA. 

Diagnosis. — Sternal process of anterior gonopods (Figs. 73, 74) greatly pro¬ 
longed apically; central division of colpocoxite relatively long, narrowly separated 
from but not overhanging anterior division, latter directed cephalad; coxal endite 
of posterior gonopod with distinct subapical tooth (Fig. 75). 

Distribution. —Eastern Sonoma and Napa counties, California. One male topo- 
type, collected by R. O. Schuster and L. M. Smith, 13 Dec 1957, is available in 
the NMNH. Also known from the following locality: 

Napa Co., Mt. St. Helena, M, 31 Dec 1953, R. O. Schuster and G. A. Marsh 
(NMNH). 


Opiona goedeni, New Species 
(Figs. 79-81, 108) 

Type specimens.— Male holotype and one male and four female paratypes 
(AMNH) collected by E. M. Benedict, 27 November 1971, 1.7 mi SW Timber, 
Washington Co., OR. Other paratypes, all from Oregon, as follows: Clatsop Co., 
Saddle Mountain St. Pk., M, 4 F, 29 Nov 1968, K. Goeden (UCD); 3 mi SE 
Olney, 2 M, 27 Nov 1971, EMB (WAS); 5 mi N, 7 mi W Elsie, 4 M, 2F, 15 Mar 
1972, EMB (WAS). Polk Co., 4.7 mi E Valsetz, M, 20 Nov 1968, E. M. Fisher 
(UCD). 

Diagnosis. — Characterized by relatively long, apically blunt and setose sternal 
process; colpocoxite strongly falcate distally, with basal spiniform process and 
broad, serrate caudal projection at midlength; flagellocoxite conical, with around 
eleven flagella arising from caudal margin. 

Holotype. — Ocellaria with rows of 6, 5, 3 and 1 ocelli, respectively; relative 
proportions of antennomeres 0.3, 1.0, 1.8, 1.0, 1.5, 1.0, 0.7. 
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Collum 1/w ratio 55%. Pleurotergites 2-3 with margins straight and rounded, 
respectively, former terminating below latter; that of segment 4 with margin 
rounded, terminating above that of segment 3. Striae distinct. Dorsal setae slender, 
nearly twice as long on caudal segments. Body length 10 mm. 

Leg 1 crassate; femur, postfemur, and tibia broad, with several erect setae. Leg 
2 about Vi as long as 1st leg, tarsus minute, without claw but with three long, 
curved, terminal setae; gonapophysis % as long as telopodite. Leg 3 coxa with 
rounded distal lobe extending beyond telopodite articulation; latter directed lat- 
erad, short, prefemur expanded, less than combined lengths of distal podomeres; 
tarsal claw rudimentary. 

Anterior gonopod (Figs. 79, 80) sternal process clavate and truncate, with 
seven short apical setae. Colpocoxite broad basally, with basal spiniform process 
(ps, Fig. 80), and broad, serrate and striate caudal projection at midlength, distally 
falcate, curving caudad and tapering smoothly to acuminate tip. Flagellocoxite 
moderately long, conical, with eleven flagella arising from caudal margin. Telopo¬ 
dite petiolate, directed mesad. 

Posterior gonopod (Fig. 81) sternum extending to lateral margin of coxa, mesally 
concave. Coxal endite broad, with uncinate lateral projection and two small mesal 
knobs. Telopodite relatively small, anterior margin convex, caudal margin con¬ 
cave, with lateral, longitudinal sulcus. Leg 10 coxa with cylindrical mesal process. 

Female paratype. — Cyphopod with lateral valve slightly irregular in shape, 
mesal valve larger, with rounded posterior lobe (Fig. 108). 

Distribution. — Northwestern Oregon, from Polk to Clatsop counties. In addition 
to the types, specimens were examined from the following locality: 

Washington Co., 2 mi S Timber, M, 3 F, 1 Dec 1948, I. Newell (AMNH). 

Opiona Columbiana Chamberlin 

(Figs. 85-87, 103) 

Opiana Columbiana Chamberlin, 1951:81, figs. 15-19; Chamberlin and Hoffman, 

1958:88; Kevan, 1983:2967. 

Opiona hatchi Causey, 1954:81, figs. 1-3; Chamberlin and Hoffman, 1958:87; 

Kevan, 1983:2968. NEW SYNONYMY. 

Type specimens. — Male holotype and one female paratype (PMBC) taken by 
unknown collector on unknown date in 1949 at Victoria, Vancouver Island, British 
Columbia, Canada. The original description (Chamberlin, 1951) states that two 
females were part of the original sample, but only one is present at the PMBC. 
The gonopods and second and third legs of the male were illustrated by Cham¬ 
berlin, but they are no longer with the specimen. Their location and that of the 
other female are unknown. The following description was therefore prepared from 
a male from Seattle, King Co., Washington. 

Diagnosis.— Characterized by relatively long, truncate, apically setose sternal 
process of anterior gonopods; colpocoxite curving anteriad apically with long, 
serrate and striate caudal projection distal to midlength, curving broadly caudad; 
flagellocoxite long, subequal to length of colpocoxite, flagella arising from caudal 
margin, some bifurcate. 

Male from King Co., Washington. — Ocellaria with rows of 6, 4 and 2 ocelli, 
respectively; relative proportions of antennomeres 0.3, 0.9, 2.2, 1.3, 1.7, 1.0, 0.7. 
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Collum 1/w ratio 66%. Margin of pleurotergite 2 with caudal comer short, acute; 
that of segment 3 broad, concave; anterior comer of 4th pleurotergite produced, 
acute, extending below level of 3rd pleurotergite. Striae distinct. Dorsal setae 
larger on caudal segments. Body length 14 mm. 

Leg 1 crassate. Leg 3 coxa spatulate, with ventral, subconical, spiculate lobe; 
telopodite shorter than that of 2nd leg, prefemur expanded and flattened, longer 
than remaining podomeres. 

Anterior gonopod (Figs. 85,86) sternal process relatively long, apically truncate 
with three subterminal and five apical setae. Colpocoxite with relatively long 
caudal projection distal to midlength, striate and serrate, with two rows of apical 
teeth, curving broadly caudad; stem curving slightly anteriad apically, tip subacu¬ 
minate. Flagellocoxite subequal in length to colpocoxite, tapering distad, with 
about 15 flagella arising from caudal margin, some flagella apically bifurcate. 
Telopodite short and broad, not petiolate, directed caudad. 

Posterior gonopod (Fig, 87) sternum extending to lateral margin of coxa. Coxal 
endite with falcate mesal projection and short blunt spur adjacent to telopodite. 
Latter with marginal rim anteriorly and dorsal emargination demarcating distal 
lobe. Leg 10 coxa with slender mesal process. 

Female paratype. — Cyphopod valves unequal, extending caudad into rounded 
lobes, mesal valve larger (Fig. 103). 

Distribution.— From the Puget Sound area of Washington to southern British 
Columbia, both the mainland and Vancouver Island. In addition to the types, 
specimens were examined from the following localities: 

CANADA. BRITISH COLUMBIA: Vancouver, M, 18 Apr 1953, H. B. Leech 
(NMNH). 

USA. WASHINGTON: King Co., Carkeek Park, Seattle, M. 12 May 1954, M. 
H. Hatch (AMNH). 

Remarks. — Although the genitalia of the holotype are lost, Chamberlin’s sketch 
(1951) of the anterior gonopods from lateral view vaguely resembles those of 
hatchi, except for omission of the flagellocoxite. In particular, the distal config¬ 
uration in his drawing is very close to that in O. hatchi, and the male from 
Vancouver (NMNH) is essentially identical to the type of O. hatchi. We therefore 
consider all these forms to be conspecific, with O. Columbiana the senior name. 

Opiona casualis , New Species 
(Figs. 49-52, 76-78, 107) 

Type specimens. — Male holotype and one female paratype (UCD) collected by 
E. M. Fisher, 20 November 1968, 2 mi E Valsetz, Polk Co., OR. One female 
paratype (WAS) collected by E. M. Benedict, 20 December 1972, 1.4 mi N Nash¬ 
ville, Lincoln Co., OR. 

Diagnosis.— Characterized by relatively short, clavate, apically setose sternal 
process; colpocoxite curving strongly caudad distally, expanding broadly at mid¬ 
length; flagellocoxite short, narrow, bent caudad basally and not projecting ven- 
trad, flagella arising terminally. 

Holotype. — Ocellaria with rows of 6, 5, 3 and 1 ocelli, respectively; relative 
proportions of antennomeres 0.2, 0.9, 1.9, 1.1, 1.5, 1.0, 0.7. 

Collum 1/w ratio 64%. Pleurotergites 2-3 with margins straight and rounded, 
respectively; that of segment 4 with caudal corner produced. Body length 12 mm. 
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Leg 1 with slight rounded ventral lobes on postfemur and tibia (Fig. 49). Leg 
2 Vi as long as 1st leg, tarsus minute, claw absent (Fig. 50); gonapophysis % as 
long as telopodite. Leg 3 coxa very long, with blunt, medially directed, distal lobe 
(Fig. 51); telopodite shorter than coxa, prefemur flattened with ventral surface 
expanded, length subequal to that of remaining podomeres, claw absent. Leg 7 
with slight, rounded coxal lobe (Fig. 52). 

Anterior gonopod (Figs. 76, 77) sternal process relatively short, clavate, apically 
setose. Colpocoxite narrowbasally, with moderate, smooth projection from caudal 
surface proximal to midlength, stem expanding greatly at midlength into hood¬ 
like structure, narrowing rapidly distad and curving strongly caudad, tip suba¬ 
cuminate. Flagellocoxite long and narrow, bent caudad basally and not directed 
ventrad, flagella arising apically. Telopodite petiolate, directed mesad. 

Posterior gonopod (Fig. 78) sternum extending to lateral margin of coxa, me¬ 
dially concave. Coxal endite long, slender, length subequal to that of telopodite, 
apically blunt. Telopodite with prominent lateral sulcus and short anterior mar¬ 
ginal rim. Leg 10 coxae with small, mesal process. 

Female paratype. —C yphopod valves relatively large, unequal, mesal slightly 
larger (Fig. 107). 

Distribution.— Known only from the type and paratype localities. 

Opiona exigua, New Species 
(Figs. 82-84, 110) 

Type specimens.— Male holotype and three male and seven female paratypes 
(UCD) collected by J. S. Buckett, M. R. Gardner, and J. R. Heifer, 22 December 
1964, at Russian Gulch St. Pk., Mendocino Co., CA. Four male and 15 female 
paratypes (UCD) collected by R. O. Schuster and F. Raney, 22 January 1958, 
near Mark West Reserve, Sonoma Co., CA. 

Diagnosis. — Characterized by relatively long sternal process, expanding at mid¬ 
length and bent caudomesad, tapering to acuminate, curled tip, not setose; col¬ 
pocoxite curving broadly caudad, apically blunt, without caudal projection but 
distocaudal margin serrate and lateral surface striate; flagellocoxite moderately 
long, conical, flagella arising from caudal margin. 

Holotype. — Ocellaria with rows of 4 and 2 ocelli, respectively; relative propor¬ 
tions of antennomeres 0.5, 0.7, 1.9, 1.0, 1.4, 1.0, 0.6. 

Collum 1/w ratio 61%. Pleurotergite 2 with margin straight; that of segment 3 
with marginal notch caudad to accommodate femur of 1st leg; margin of 4th 
pleurotergite rounded. Striae distinct in midbody region, faint on caudal segments. 
Dorsal setae large on anterior segments, becoming distinctly spatulate on segment 
9, increasing in size through segment 25, then decreasing to segment 29. Body 
length 8 mm. 

Leg 1 prefemur short, femur elongate. Leg 2 telopodite ‘A as long as that of 1st 
leg; gonapophysis longer than telopodite. Leg 3 coxa expanding beyond telopodite 
articulation into rounded lobe; telopodite subequal to that of 2nd leg, directed 
laterad, prefemur flattened, much larger than remaining segments. Legs 4-7 with 
coxae slightly swollen. 

Anterior gonopod (Figs. 82, 83) sternal process expanding at midlength and 
bent sharply caudomesad, tapering to curled, acuminate tip. Colpocoxite curving 
broadly caudad, without caudal projection but distocaudal margin serrate and 
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Figures 88-99. Opiona spp. and Metopiona sheari males. 88-90. O. facetia holotype. 88. Left 
anterior gonopod, lateral aspect. 89. The same, posterior aspect. 90. Right posterior gonopod, anterior 
aspect. 91-92a. O. scytonotoides holotype. 91. Left anterior gonopod, posterior aspect. 92. The same, 
lateral aspect. 92a. Right posterior gonopod, anterior aspect. 93-95. O.fisheri 'holotype. 93. Left anterior 
gonopod, lateral aspect. 94. The same, posterior aspect. 95. Right posterior gonopod, anterior aspect. 





VOLUME 65, NUMBER 2 


219 


lateral surface striate, stem apically blunt. Flagellocoxite about half as long as 
colpocoxite, conical, with numerous line flagella arising from caudal surface and 
directed along axis of colpocoxite. Telopodite broadly petiolate. 

Posterior gonopod (Fig. 84) sternum extending to lateral margin of coxa. Coxal 
endite short, divided into two subequal mesal projections, anterior one narrow 
and curved, posterior one ovoid, with spur adjacent to telopodite. Latter with 
outer surface completely margined, caudal and ventral surfaces with submarginal 
sulci. Leg 10 coxa with long narrow mesal cylindrical process. 

Femaleparatype. — Cyphopod valves broadly rounded and unequal, mesal valve 
larger; receptacle relatively large (Fig. 110). 

Distribution.— Known only from the type and paratype localities. 

Remarks. — The specimens from Mendocino County were recovered from red¬ 
wood litter berlesate. 

Opiona facetia, New Species 
(Figs. 53, 88-90) 

Type specimens.— Male holotype and two male paratypes (UCD) collected by 
R. L. Westcott, 28 February 1969, at Outlook, Clackamas Co., OR. One male 
and one female paratypes (WAS) collected by E. M. Benedict, 26 March 1972, 9 
mi S, 6 mi E Silverton, Marion Co., OR. 

Diagnosis. — Characterized by long, acicular sternal process, bent caudomesad 
proximally; colpocoxite curving slightly caudad distally, caudal margin not ex¬ 
panded, serrate, or striate, divided apically, lateral branch acuminate, mesal branch 
irregularly notched; flagellocoxite with short, broadly subtriangular basal sclerite 
and long, filamentous flagella arising from caudal margin. 

Holotype. — Ocellaria with rows of 6, 6, 3 and 1 ocelli, respectively; relative 
proportions of antennomeres 0.4, 1.4, 3.3, 1.7, 2.5, 1.5, 1.0. 

Collum 1/w ratio 50%. Pleurotergite 2 with margin indented slightly; that of 
segment 3 with margin rounded; 4th pleurotergite caudal corner produced. Striae 
distinct. Dorsal setae slender. Body length 9 mm. 

Leg 3 coxa with long, conical, ventral lobe; telopodite much shorter than that 
of 2nd leg, prefemur broadly expanded and flattened, longer than distal podo- 
meres. Legs 4-7 with small coxal swellings. 

Anterior gonopod with articulation of sternum, coxal plate, and coxal sclerites 
as shown in Figure 53. Sternal process (Figs. 88, 89) long, acicular, expanding 
and bent caudomesad proximally then narrowing, curving broadly ventrad, and 
extending nearly to distal extremity of colpocoxite. Latter curving caudad distad, 
caudal margin smooth, not expanded or modified, divided distally into short, 
acuminate lateral branch and irregularly notched mesal branch. Flagellocoxite 
with short, broadly subtriangular basal sclerite, flagella long, filamentous, arising 
from caudal margin, extending nearly to tip of colpocoxite. Telopodite oblong, 
not expanded distally. 

Posterior gonopod (Fig. 90) sternum extending to lateral margin of coxa, mesally 


96-99. Metopiona sheari. 96. Left anterior gonopod of holotype, posterior aspect. 97. Right posterior 
gonopod of the same, anterior aspect. 98. Left anterior gonopod of paratype, lateral aspect. 99. Left 
anterior gonopod of holotype, lateral aspect. 
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concave. Coxal endite falcate, curving laterad, extending nearly to distal extremity 
of telopodite. Latter with outer surface circumscribed by submarginal rim. Leg 
10 coxa with small lateral swelling, and elongate mesal process. 

Distribution. — Known only from the type and paratype localities. 

Opiona fisheri, New Species 
(Figs. 93-95, 102, 104, 105) 

Type specimens. — Male holotype and one male and two female paratypes (UCD) 
collected by E. M. Fisher, 12 November 1968, at Neptune State Park, Lane Co., 
OR. One male and numerous female and juvenile paratypes (WAS) collected by 
E. M. Benedict, 20 December 1971, along the Yaquina River, 0.6 mi NW Elk 
City, Lincoln Co., OR. 

Diagnosis. — Characterized by long, clavate, apically setose sternal process, curv¬ 
ing anteriad basally then bending caudad; colpocoxite upright, divided apically 
into rounded caudal branch and expanded, serrate anterior branch; flagellocoxite 
with short, oblong basal sclerite, flagella arising apically. 

Holotype. — Ocellaria with rows of 6, 5, 3, and 1 ocelli, respectively; relative 
proportions of antennomeres 0.3, 0.9, 2.0, 1.2, 1.4, 1.0, 0.6. 

Collum 1/w ratio 50%. Margin of the pleurotergite with caudal comer produced. 
Striae distinct. Dorsal setae slightly larger on caudal segments. Body length 11 
mm. 

Leg 3 coxa with conical distal projection; telopodite shorter than that of 2nd 
leg, prefemur expanded, flattened, longer than distal podomeres, tarsus minute, 
claw absent. 

Anterior gonopod (Figs. 93, 94) sternal process relatively long, narrow, and 
clavate, curving anteriad basally then ventrad, apically setose. Colpocoxite up¬ 
right, divided apically into smooth, rounded caudal branch and expanded, serrate 
anterior branch. Flagellocoxite with short basal sclerite obscured by telopodite, 
with about 10 long, fine flagella arising apically. Telopodite relatively large, greatly 
expanded, petiolate. 

Posterior gonopod (Fig. 95) sternum extending to lateral margin of coxa, me¬ 
dially concave. Coxal endite long and spiniform, extending nearly to distal ex¬ 
tremity of telopodite, with acute lateral spur at midlength. Telopodite with lateral 
sulcus. Leg 10 coxa with rounded lateral lobe, and short, broad mesal process. 

Female paratype. — Pleuroterga of segment 4 (Fig. 102) with laminate ventral 
projection lateral to 3rd legs; sternum with short, blunt mesal projection, and 
flattened areas on anterior surface. Cyphopod valves rounded anteriorly, slightly 
extended and pointed posteriorly, mesal valve slightly larger (Figs. 104, 105). 

Distribution. —Known only from the type and paratype localities. 

Opiona scytonotoides, New Species 
(Figs. 91, 92, 92a) 

Type specimen. —Male holotype (AMNH) collected by E. M. Benedict, 6 No¬ 
vember 1971, along OR hwy. 227 at Canyonville Park, 2 mi E Canyonville, 
Douglas Co., OR. 

Diagnosis. —Characterized by short, clavate, apically setose sternal process; 
colpocoxite curving broadly caudad, divided distal to midlength into two long, 
parallel, subequal branches; flagellocoxite with short, subconical, basal sclerite, 
flagella arising from caudal margin and curving parallel to colpocoxite. 



VOLUME 65, NUMBER 2 


221 



Figures 100-110. Opiona spp. females. 100-102. Legs. 100. Leg 2 of O. communis communis 
paratype, posterior aspect. 101. Leg 2 of O. distincta topoparatype, posterior aspect. 102. Leg 3 of O. 
fisheri paratype, anterior aspect. 103, 105-110. Right cyphopod, lateral aspect. 103. O. columbiana, 
Vancouver Island. 104. Right cyphopod of O. fisheri topoparatype, anterioventral aspect. 105. O. 
fisheri topoparatype. 106. O. confusa topoparatype. 107. O. casualis topoparatype. 108. O. goedeni 
paratype, Clatsop Co., OR. 109. O. berryessae topoparatype. 110. O. exigua topoparatype. 
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Holotype. — Ocellaria with rows of 4, 3 and 2 ocelli, respectively; relative pro¬ 
portions of antennomeres 0.3, 1.1, 2.2, 1.4, 1.7, 1.0, 0.6. 

Collum 1/w ratio 63%. Margin of 4th pleurotergite rounded. Body length 8 mm. 

Leg 3 coxa with narrow, rounded, apically setose distal lobe; telopodite with 
prefemur broadened, distal podomeres small. 

Anterior gonopod (Figs. 91, 92) sternal process leaning slightly mesad, relatively 
short, distally clavate, apically setose. Colpocoxite curving broadly caudad, di¬ 
vided distal to midlength into two long, parallel, and subequal branches, apically 
blunt. Flagellocoxite with short, subconical basal sclerite, flagella arising from 
caudal margin, curving parallel to colpocoxite. Telopodite relatively long and 
narrow, distally rounded. 

Posterior gonopod (Fig. 92a) sternum extending to midlength of coxa, mesally 
concave. Coxal endite divided basally into long, curved lateral branch, closely 
appressed to mesal surface of telopodite, and narrow mesal branch, latter sub¬ 
divided into two acicular subbranches, anterior one with several fine terminations, 
Telopodite expanded broadly laterad, without sulci. Leg 10 coxa unmodified. 

Distribution.— Known only from the type locality. 

Remarks. — The specific name refers to the superficial resemblance of the gon- 
opods to those of the polydesmoid genus Scytonotus. 

Metopiona, New Genus 

Type species. —Metopiona sheari, new species. 

Diagnosis.— Small caseyids (8 mm) characterized by short 2nd and 3rd legs of 
males; anterior gonopods without sternal process and telopodite; flagellocoxite 
divided into two long movable styles, without filiform flagella. 

Description. — Head with epicranial suture inconspicuous; ocellaria with rows 
of 5, 4 and 2 ocelli, respectively; mandibular stipes not modified. 

Collum narrower than head, longer than segment two, anterior margin curved. 
Pleurotergite 2 with margin long, straight; that of 3rd pleurotergite short, rounded; 
that of 4th extending below latter, margin finely serrate. Succeeding pleuroterga 
with long, broadly rounded margins. Ventral striae beginning on segment 2, ex¬ 
tending to level of 3rd seta on segment 4. 

Leg 1 normal for family. Leg 2 short, % as long as 1 st leg; gonapophysis V* as 
long as telopodite, curving cephalad. Leg 3 coxa long, distally broad and flattened 
with tuft of uncinate apical setae; telopodite short, articulating near midlength of 
coxa, prefemur large, subequal to that of 2nd leg. Legs 4-7 normal for family. 

Anterior gonopod sternum relatively narrow, sternal process absent. Colpo¬ 
coxite long and relatively narrow, laterally flattened, with vertical groove on lateral 
side. Flagellocoxite with large, rounded basal sclerite giving rise to slender pedicel 
divided into two slender styles. Telopodite absent. 

Posterior gonopod sternum broadly triangular. Coxa moderately large, endite 
long, narrow, and curving laterad. Telopodite oblong, constricted, without mar¬ 
ginal rim. Leg 10 coxa with large anterior eversible vesicle and slender mesal 
process. 

Distribution.— Washington County, Oregon. 

Species. — One. 

Remarks. — The flagellocoxite of Metopiona is radically different from that of 
Opiona. Instead of numerous flagella there are two acicular styles on an elongate 
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pedicel. The anterior style is free, and the caudoventral one rests in a groove on 
the colpocoxite. The pedicel fits into a socket and can rotate from vertical to 
horizontal; as it does, the caudoventral style (vs, Fig. 99) moves up and down in 
the groove, and the anterior style moves in an arc at right angles to the pedicel. 

Metopiona sheari, New Species 
(Figs. 96-99) 

Type specimens.— Male holotype (AMNH) and one male paratype (WAS) col¬ 
lected by D. R. Malcolm, 21 January 1968, on Bishop Rd. 2 mi N Helvetia, 
Washington Co., OR. 

Diagnosis. — With the characters of the genus. 

Male holotype. —Relative proportions of antennomeres 0.4, 0.9, 1.6, 1.0, 1.7, 

1 . 0 , 0 . 8 . 

Collum 1/w ratio 60%. Body length 8 mm. 

Pregonopodal legs of males as described for genus. 

Anterior gonopod (Figs. 96, 98, 99) sternum narrow, without lateral process. 
Colpocoxite relatively long, upright, narrow basally, expanding slightly near mid¬ 
length, narrowing and tapering distad, with lateral groove to accommodate cau¬ 
doventral style of flagellocoxite, groove open for most of length, partly covered 
distad by fold of colopocoxite stem. Flagellocoxite with rounded basal sclerite 
giving rise to narrow pedicel, broadening distad into node then divided into two 
unequal, styles, caudoventral style acicular, continuous with axis of pedicel, resting 
in groove on lateral surface of colpocoxite, anterior style shorter and broader, 
spiniform, free, directed at right angle to pedicel. Telopodite absent. 

Posterior gonopod (Fig. 97) sternum extending to midlength of coxa. Coxal 
endite acicular, extending slightly beyond tip of telopodite. Latter oblong, nar¬ 
rowing distad, with constriction proximal to midlength, directed obliquely. 

Distribution.— Known only from the type locality. 

Remarks. — The material of M. sheari was obtained from a berlesate of mixed 
deciduous and conifer duff. The autapomorphic modification of the flagellocoxite 
combined with the absence of the sternal process and telopodite justify separate 
generic status. 

Genus Caseya Cook and Collins 

Caseya Cook and Collins, 1895:84; Chamberlin and Hoffman, 1958:87; Buckett, 

1964:13; Jeekel, 1971:59; Hoffman, 1979:138; Kevan, 1983:2967. 

Placerna Chamberlin, 1941 b: 10; Chamberlin and Hoffman, 1958:88; Buckett, 

1964:14; Jeekel, 1971:76. 

Zantona Chamberlin, 194lb: 11; Chamberlin and Hoffman, 1958:89; Jeekel, 1971: 

85; Hoffman, 1979:138; Kevan, 1983:2968. NEW SYNONYMY. 

Type species. — Of Caseya, C. heteropus Cook and Collins, 1895, by original 
designation; of Placerna, P. dorada Chamberlin, 1941b, by original designation; 
of Zantona, Z. douglasia Chamberlin, 1941b, by original designation. 

Notes on synonymy. —Placerna and Zantona, proposed by Chamberlin (1941 b), 
were distinguished from Caseya by the blunt tarsi of the 2nd and 3rd legs of the 
male and by the “great reduction in size of the 2nd and 3rd legs of the male,” 
respectively. However, blunt tarsi as described for P. dorada are found in several 
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species of Caseya, and examination of the holotype of Z. douglasia reveals legs 
typical for Caseya. The other characters Chamberlin (1941b) mentioned are in¬ 
significant, and these names are synonyms of Caseya. 

Diagnosis. —Moderate to large caseyids (9-20 mm) without mandibular mod¬ 
ifications characterized by large, complex coxa of leg 7 in males; flagellocoxite 
developed into pair of long flagella curving within flagellar carina and/or col- 
pocoxite; and presence of two additional coxites, the lateral and mesal laminas. 

Color. — Head and antennae brown; dorsum and sides usually variably brown, 
occasionally yellowish, occasionally with yellowish middorsal stripe, areas around 
dorsal setae and striae depigmented; venter pale or mottled brown; legs light 
brown. 

Description. — Head lightly pilose or with sparse facial setae; epicranial suture 
distinct, ending between antennae; ocellaria with 4-6 rows of from 18 to 26 ocelli; 
mandibular stipes not modified. 

Collum narrower than head, longer than segment 2,1/w ratio ranging from 49 
to 67%; anterior margin broadly curved, with raised rim on anterior and lateral 
margins; striae absent. Pleurotergite 2 extending ventrad below collum, ventral 
margins rounded. Pleurotergite 3 extending ventrad to variable lengths, usually 
terminating above levels of those of segments 2 and 4, ventral margins rounded^ 
truncate, or concave. Margins of 4th pleurotergite variably rounded, truncate, 
subacuminate, or indented to concave. Striae distinct on anterior segments, fading 
caudally; number increasing caudad from about four on 2nd pleurotergite, ex¬ 
tending nearly to middorsum in midbody region. 

Pregonopodal legs of males: Leg 1 normal for family, tarsus bearing distinct 
mesal comb. Leg 2 with coxa recessed in body cavity, telopodite slightly shorter 
than leg 1. Gonapophysis highly variable, relatively narrow to broad, short and 
barely exceeding length of adjacent coxae to long and extending to level of femur; 
straight, curved, uncinate, or bisinuate; apically acute or rounded, with or without 
ventral setae. Leg 3 coxa large, extending beyond telopodite articulation as variably 
conical or rounded lobe, length varying from short and terminating below level 
of prefemur to long and extending beyond distal extremity of femur, lobe with or 
without tuft of apical setae. Coxae of legs 4-6 either without modifications or 
with rounded to padlike swellings. Telopodite usually normal for family, occa¬ 
sionally slightly shorter. Leg 7 coxa very large, caudal surface variably concave, 
with two to four variable distal processes or lobes; telopodite slightly shorter than 
that of leg 6, but length normal for family. 

Anterior gonopods large, partly exposed in situ, orientation varying from nearly 
erect to caudally prostrate. Sternum broad, well sclerotized, anterior surface often 
with impression, without processes. Coxa developed into four coxites as follows: 
colpocoxite largest, extending generally caudoventrad, straight or slightly curved, 
with broad, variable arms on both sides (lateral and mesal rami), curving distal 
to rami, with or without basal carina covering flagella and protruding anteriad. 
Flagellocoxite consisting of basal sclerite caudal to colpocoxite giving rise to a 
long, narrow flagellum from anterior surface, latter curving dorsad, cephalad, and 
caudad, between colpocoxites, distal extremity resting on flange (guide) on inter¬ 
mediate septum of telopodite, terminating near ventral extremity of telopodite. 
Lateral lamina (11, Fig. Ill) covering flagellar base laterad, broad basally, divided 
into pair of elongate branches of variable lengths. Mesal lamina (ml, Fig. Ill) 
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located on mesal side of colpocoxite, with broad basal piece and variable distal 
branches, usually wider than lateral lamina. Telopodite large, configuration vari¬ 
able, extending ventrad then curving cephalad and expanding into thin distal 
lamina (intermediate septum, si, Fig. 117), curving cephalodorsad adjacent to 
caudal margin of colpocoxite, with pair of ventral flanges (flagellar guides, fg, Fig. 
117) supporting distal extremities of flagella. 

Posterior gonopod sternum broad, projecting slightly centrally, extending be¬ 
yond lateral margins of coxae and curving ventrad. Coxa large, with mesal glan¬ 
dular pore, endite configuration variable, usually extending to or beyond ventral 
margin of telopodite. Latter petiolate, distally subovoid, outer surface flattened, 
often with submarginal rim ventrad. Leg 10 coxa large, bearing ventral eversible 
vesicle and variably cylindrical, truncate, or elongate mesocaudal process, with 
or without additional projections. 

Female cyphopods with valves separate anteriorly, fused posteriorly, subequal 
or unequal with either valve larger, with variable caudal projections. Receptacle 
normal for family. Postgenital plate absent. 

Distribution.— Along the Pacific Coast of the United States from Los Angeles 
to the Puget Sound region of Washington, extending inland up the western slopes 
of the Sierra Nevada and Cascade Mountain ranges. 

Species.— Twenty-one are known; more are expected in poorly sampled areas 
in the range. 

Remarks. — The complex anterior gonopods in Casey a are comprised of a ster¬ 
num and five distal elements, four coxites plus the telopodite. To facilitate un¬ 
derstanding, Figures 111 and 112 show the complete structure of C. heteropa 
disjuncta in lateral and cephalic views, respectively, and Figures 113-117 depict 
lateral views of the separate components. 

The sternum is broad and is fused laterally, and in some species mesally, to 
the coxal plate. A sternal process is absent. The ovoid coxal plates (cx. Fig. 116), 
from which the coxites arise, are fused anteriad. The coxites consist of the lateral 
and mesal laminas, autapomorphic for Caseya, plus the colpocoxite and flagel- 
locoxite. The basal portion of the lateral lamina (11, Figs. Ill, 116) obscures the 
base of the flagellocoxite in lateral view and is divided into two subsimilar distal 
branches. The mesal lamina (ml, Figs. Ill, 115) is situated opposite the lateral 
lamina on the mesal side of the gonopod. It too consists of a broad basal piece 
and two usually dissimilar distal branches; however its configuration in C. coxalis 
is identical to that of the lateral lamina. In most congeners the basal part of the 
mesal lamina is much broader than that of its lateral counterpart, and the distal 
branches are shorter and broader. The configuration of the colpocoxite (cc, Figs. 
111,113), the largest and dominant gonopodal component, is of prime taxonomic 
importance. It attaches anteriorly to the coxal plate, curves variably caudad, and 
has broad, caudally directed projections on the lateral and mesal sides, the lateral 
(rl, Fig. Ill) and mesal rami. The configuration of the colpocoxite distal to the 
rami is of particular diagnostic value, and for identification purposes, we designate 
this section the apical arm (aa, Fig. 111). Situated centrally and shielded by the 
other coxites is the flagellocoxite (fc, Figs. Ill, 114), comprised of an irregular 
basal sclerite giving rise to two long, paired flagella, which curve cephalad, lie in 
a groove in the colpocoxite, and are supported by flanges or flagellar “guides” on 
the intermediate septum of the telopodite. The latter (t, Figs. Ill, 117) occupies 
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the breadth of the gonopod caudally, extends ventrad, then narrows and expands 
cephalad into a thin lamina, the intermediate septum (si, Fig. 117). On the ventral 
margin of the latter are the flanges or flagellar “guides” (fg, Fig. 117) which support 
the distal extremities of the flagella. 

The cyphopods of females are situated lateral to leg 2 on segment 3 (Fig. 198). 
The median groove between the cyphopod valves runs caudad from the receptacle 
into a recessed pouch then to a circular opening, the oviduct pore (o, Fig. 200), 
between the distal ends of the valves. In posterior aspect the seminal receptacle 
is visible through the cyphopod wall. The sternum of segment 4 is produced 
slightly ventrad between the 3rd legs (Fig. 199), and the lateral surface of the coxa 
is indented. 

Key to Species and Subspecies of Casey a 
(based primarily on male characters) 

1. 4th pleurotergite extending below that of segment 3, ventral margins 

concave (Fig. 133); gonapophysis relatively long, often exceeding femur, 

apex rounded or uncinate (Figs. 140, 141). 2 

4th pleurotergite marginally truncate, rounded, or narrowly acute (Fig. 
155); gonapophysis usually short, curving sharply cephalad (Fig. 153) 
. 11 

2. Legs 2-3 with tarsal claws well developed . 3 

Legs 2-3 with tarsal claws reduced or absent (Figs. 128, 140). 4 

3. Pleurotergite 2 shorter than that of segment 3; leg 7 coxa with long, slender 

process; anterior gonopods as in Fig. 122; Santa Cruz and San Mateo 

cos., CA .. coxalis Loomis 

Pleurotergites 2-3 subequal; leg 7 coxa without process; gonopods as in 
Fig. 121; Shasta Co., CA . shastensis, new species 

4. Coxa of leg 7 without long, slender, cylindrical process . 5 

Coxa of leg 7 with a long, slender, cylindrical process, usually extending 

beyond level of prefemur . 7 

5. Leg 7 coxa at least three times as wide as telopodite in lateral aspect, with 

small mesal process; telopodites of posterior gonopods without mar¬ 
ginal rims. 6 

Leg 7 coxal width subequal to that of telopodite in lateral aspect, with 
mesal coxal prominence bearing three small processes; telopodites of 
posterior gonopods with marginal rims; anterior gonopods in Fig. 134; 
Calaveras to Nevada cos., CA. dorada (Chamberlin) 

6. Anterior gonopods as in Fig. 118; Douglas, Jackson, and Curry cos., OR 

. douglasia (Chamberlin) 

Anterior gonopods as in Fig. 120; Jackson and Josephine cos., OR .... 
. bryophila, new species 


7. Leg 7 coxal process setiferous, not sclerotized... 8 

Leg 7 coxal process slender, sclerotized, and cylindrical . 9 


8. Anterior gonopods as in Fig. 136; Fresno and Madera cos., CA. 

. taliae, new species 

Anterior gonopods as in Fig. 135; Stanislaus Co., CA. 

. occidentalis, new species 
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9. Body with broad, yellow or tan middorsal longitudinal stripe; anterior 
gonopods without lateral ramus, lateral lamina without accessory pro¬ 
cess (Fig. 119); Thurston to Jefferson cos., WA ... borealis, new species 
Body without middorsal stripe; lateral lamina of anterior gonopods with 
basal accessory process. 10 

10. Coxa of leg 7 with two processes; accessory process of anterior gonopod 

broad, margin jagged (Fig. 138); Fresno to Mariposa cos. CA. 

. prionota, new species 

Coxa of leg 7 with three processes; accessory process of anterior gonopod 
slender (Fig. 137); Tulare Co., CA. sequoia Chamberlin 

11. Margin of 4th pleurotergite narrowly acute (Fig. 155). 12 

Margin of 4th pleurotergite broadly rounded. 14 

12. Gonapophysis curved sharply cephalad; body with distinct, yellow mid¬ 

dorsal stripe; anterior gonopods as in Fig. 152; Douglas to Lane cos., 

OR .. subtilis, new species 

Gonapophysis erect; body without stripe . 13 

13. Anterior gonopods as in Fig. 151; Curry to Lane cos., OR . 

. dendrogona, new species 

Anterior gonopods as in Fig. 148; Coos Co., OR .. benedictae, new species 

14. Flagellar carina incomplete, leaving basal gap at least twice as wide as 


flagellum (Fig. 163) . 15 

Flagellar carina complete or with only very narrow basal gap (Figs. 161, 
166). 18 


15. Flagella closely parallel, exposed by incomplete carina (Fig. 163); body 

with strong middorsal yellow stripe, mottled yellow laterad; Humboldt 

Co., CA, to Curry Co., OR . guttata, new species 

Flagella not parallel, one exposed basally and other completely covered 
by flagellar carina (Fig. 158); body without middorsal stripe. 16 

16. Mesal flagellum extending dorsad into broad arc, flagellar carina extending 

proximad as long sheath (Fig. 157); Tehama and Shasta cos., CA ... 

. bucketti, new species 

Without these characters ... 17 

17. Apical arm long, extending well beyond level of telopodite; lateral ramus 

straight (Fig. 165); pleurotergite 4 with sharply angled caudal excava¬ 
tion; Trinity Co., CA . longiloba, new species 

Apical arm extending slightly beyond level of telopodite; lateral ramus 

curving ventrad (Fig. 158); Jackson to Lincoln cos., OR . 

. westcotti, new species 


18. Posterior gonopod telopodite without defined submarginal rim . 19 

Posterior gonopod telopodite with distinct submarginal rim nearly cir¬ 
cumscribing entire margin . 20 

19. Anterior gonopods as in Fig. 166; Mariposa Co., CA . 


. paradoxa, new species 

Anterior gonopods as in Fig. 214; Kern and Los Angeles cos., CA .... 

. similis Causey 

20. With well-defined, yellow, middorsal stripe; coxa 7 with elongate conical 
process extending to distal extremity of prefemur; anterior gonopods 
as in Fig. 161; Benton to Tillamook cos., OR ... megasoma, new species 
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Without well-defined stripe; coxa 7 with short, subcylindrical process, 
terminating well below distal extremity of prefemur; anterior gonopods 
otherwise; Monterey and Mariposa to Humboldt and Butte cos., CA 
.,. heteropa Cook and Collins ... 21 

21. Colopocoxite with two to eight distal carinae on distolateral flange; latter 

concealing base of apical arm (Fig. 172); Monterey to Sonoma cos., CA 

. h. heteropa Cook and Collins 

Without this character . 22 

22. Distolateral flange short, apical arm elongate, almost entirely exposed 

(Figs. 173, 174); Napa to Mendocino cos., CA. 

. heteropa disjuncta, new subspecies 

Distolateral flange well developed; apical arm not lengthened. 23 

23. Distolateral flange fused to apical arm; spicules extending over distal part 

of colpocoxite (Figs. 179, 182, 183); Mariposa to Butte cos., CA .... 

. heteropa montana, new subspecies 

Distolateral flange not fused to apical arm; latter apically spiculate (Fig. 

177); Mendocino and Humboldt cos., CA . 

. heteropa oraria, new subspecies 

Caseya douglasia (Chamberlin), New Combination 
(Figs. 118, 123, 124, 184) 

Zantona. douglasia Chamberlin, 194lb: 11, figs. 22-24. 

Zantona douglasv. Chamberlin and Hoffman 1958:89; Kevan, 1983:2968. 

Type specimens. —Male holotype and female allotype (NMNH) collected by J. 
C. Chamberlin, 18 November 1939, probably along Days Creek near town of this 
name, Douglas Co., OR. Chamberlin (1941b) and Chamberlin and Hoffman (1958) 
cite John Day Creek as the type locality, but there is no stream by this name in 
Douglas County. The John Day River drains north-central Oregon, emptying into 
the Columbia River, but C. douglasia is absent from this part of the state. 

Diagnosis.— Characterized by spatulate lateral ramus, cupulate mesal ramus, 
and by apically upright, rounded colpocoxite, not produced caudad. 

Color. — Dorsum dark brown; venter mottled brown. 

Holotype. — Head lightly pilose. Ocellaria with rows of 7, 6, 4, 3 and 3 ocelli, 
respectively. Relative proportions of antennomeres 0.3, 1.5, 2.5, 1.4, 2.0, 1.0, 
0.4. 

Collum 1/w ratio 65%. Pleurotergite 3 with margins rounded; margin of 4th 
pleurotergite indented (Fig. 124), extending below segment 3. Body length 15 mm. 

Gonapophysis relatively broad, extending to level of femur, apically rounded 
with tuft of ventral setae. Leg 3 coxal lobe rounded, length subequal to that of 
prefemur and femur. Leg 7 coxa with large, conical mesal, and short, truncate 
cephalic processes. 

Anterior gonopod colpocoxite (Fig. 118) upright, apical arm with rounded mesal 
and smaller, acute lateral lobes, lateral margin with about four acute subapical 
teeth; lateral ramus (rl, Fig. 118) arising from broad lamina, short and spatulate; 
mesal ramus (rm) longer, extending beyond lateral ramus and visible in lateral 
view, cupulate; flagellar carina with basal gap exposing flagella. Flagella nearly 
parallel, enclosed by carina at midlength. Lateral lamina narrow basally, angling 
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toward colpocoxite stem and terminating near midlength of latter, branches ob¬ 
scured by lateral ramus. Mesal lamina angling toward colpocoxite stem, branches 
diverging, anterior branch short straight, caudal branch curving caudad, termi¬ 
nating near distal extremity of telopodite. Telopodite short and broad, narrowing 
abruptly distad, with slender distal process and small intermediate septum. 

Posterior gonopod coxal endite (Fig. 123) with densely spiculate anterior knob 
and longer, acuminate posterior process. Telopodite without marginal rim or 
sulcus. Leg 10 coxa large, swollen laterad, with narrow, cylindrical, distomesal 
process. 

Female. — Cyphod valves subequal, lateral one truncate, caudal comer acute, 
surface with minute setae (Fig. 184). 

Distribution.— The southwestern corner of Oregon. The following specimens, 
all collected by E. M. Benedict and deposited in Dr. Shear’s collection (WAS), 
were examined in addition to the holotype: 

OREGON: Douglas Co., 2 mi SE Days Creek, M, 2 F, 6 Nov 1971; Milo, M, 

6 Nov 1971; 0.5 mi E, 3 mi SE Tiller, M, 2 F, 6 Nov 1971; 0.5 mi S, 1 mi E 
Steamboat, F, 30 Oct 1971; Mack Brown Park on Umpqua R., M, 7 Feb 1972; 

2 mi N Melrose, M, 7 Feb 1972. Jackson Co., 1 mi S Ruch, M, 13 Nov 1971; 6 
mi S Ruch, M, 4 F, 13 Nov 1971; 10 mi E, 6 mi N Gold Hill, M, 4 F, 22 Jan 
1972; 10 mi NW Central Pt. on OR hwy. 234, M, 13 F, 22 Jan 1972; 2 mi N, 6 
mi E Ashland, 2 M, 7 F, 27 Dec 1971. Curry Co., 14 mi E Gold Beach, M, F, 
10 Mar 1972. 

Remarks. — The original specific name, douglasia, agrees in gender with Casey a; 
there is no reason to drop the last letter as done by subsequent authors. 

Caseya borealis, New Species 
(Figs. 119, 125, 186) 

Type specimens. — Male holotype (AMNH), three males, one female, and 10 
juvenile paratypes (WAS) collected by EMB, 25 November 1967, 4 mi N Shelton, 
Mason Co., WA. Other paratypes as follows, all from Washington by EMB (WAS): 
Mason Co., Kamilche Point, 3 M, 6 juvs., 25 Nov 1967; Agate, M, 3 juvs., 25 
Nov 1967; 1.5 mi S, 5 mi W Grapeview, 4 M, F, 21 Jan 1968. Thurston Co., 
Puget, M, 5, 28 Oct 1967. 

Diagnosis.— Characterized by absence of lateral ramus; long, curved mesal ra¬ 
mus; and by distal configuration of colpocoxite, expanded, extending caudad, and 
rounded mesally. 

Color. — Dorsum with depigmented longitudinal stripe extending from segment 
2 through epiproct. 

Holotype.— Head lightly pilose. Ocellaria with rows of 7, 6, 5, 4 and 2 ocelli, 
respectively. Relative proportions of antennomeres 0.3, 1.2, 2.3, 1.2, 1.8, 1.0, 
0.7. 

Collum 1/w ratio 60%. Pleurotergite with margins broadly rounded; 4th pleu- 
rotergite extending below segment 3, margin concave. Body length 10 mm. 

Gonapophysis broad, extending to level of femur, apex rounded with tuft of 
ventral setae. Leg 3 coxal lobe rounded, extending beyond distal extremity of 
femur. Coxae of legs 4-6 with rounded swellings. Leg 7 coxa with cylindrical, 
acuminate basal process, short, stout mesal process, and distolateral lobe. 

Anterior gonopod colpocoxite (Fig. 119) with apical arm expanding distad and 
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shastensis 

coxalis 

Figures 123-133. Caseya spp. males. 123, 124. C. douglasia. 123, Right posterior gonopod of 
holotype, anterior aspect. 124. Pleurotergites 1-4 of paratype from Milo, Douglas Co., OR, lateral 
aspect. 125. Right posterior gonopod of C. borealis paratype from Leeds Loop, Mason Co., WA, 
anterior aspect. 126-128. C. bryophila. 126. Right posterior gonopod of holotype, anterior aspect. 
127. Right gonapophysis of paratype from French Gulch, Jackson Co., OR, lateral aspect. 128. Gon- 
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extending caudad, apically rounded mesad; lateral ramus absent; mesal ramus 
long, curved; flagellar carina small, complete. Flagella parallel. Lateral lamina 
broadly rounded basally, branches visible in lateral view, curving strongly caudad 
at midlength, apically acute. Mesal lamina broad, outer margin paralleling fla¬ 
gellum, ending at tip of latter. Telopodite large, with rounded posterior lobe, 
narrowing distad; intermediate septum small, ovoid. 

Posterior gonopod coxal endite (Fig. 125) with broad mesal lobe and spiniform 
anterior and posterior process. Telopodite without marginal rim or sulcus. Leg 
10 coxa without process. 

Female paratype. — Cyphopod valves unequal, lateral valve (lv, Fig. 186) much 
smaller than mesal. 

Distribution. —South and west of Puget Sound, Washington. The following ma¬ 
terial was examined in addition to the types: 

WASHINGTON: Thurston Co., 15 mi S Olympia on Hwy. 5, M, 28 Oct 1967 
EMB (WAS); Millersylvania State Park, 2 M, 28 Oct 1967 EMB (WAS). 

Remarks. —Caseya borealis is the northernmost congener and the only one 
occurring north of the Columbia River. 

Caseya bryophila, New Species 
(Figs. 120, 126-128, 185) 

Type specimens. — Male holotype (AMNH), two male, and three female para- 
types (WAS) collected by EMB, 13 November 1971, 15 mi SW Ruch, Jackson 
Co., OR. Other paratypes, all from Oregon by EMB (WAS), as follows: Jackson 
Co., French Gulch, 3 mi N Copper, 5 M, 2 F, 13 Nov 1971. Josephine Co., along 
US hwy. 199, 0.3 mi S Elk Creek, M, 3 F, 18 Dec 1971. 

Diagnosis. —Characterized by slender, curved lateral ramus; subequal, apically 
denticulate mesal ramus; and by distal configuration of colpocoxite, curving and 
tapering caudad to subacuminate tip. 

Color. —Dorsum mottled brown. 

Holotype. — Head lightly pilose. Ocellaria with rows of 7, 6, 5, 4 and 2 ocelli, 
respectively. Relative proportions of antennomeres 0.2, 1.2, 2.3, 1.3, 1.9, 1.0, 

0.7. 

Collum 1/w ratio 63%. Pleurotergite 3 with margins rounded, anterior comer 
slightly produced; 4th pleurotergite extending below that of segment 3, corners 
subacuminate. Body length 14 mm. 

Leg 2 tarsus short, cylindrical, claw rudimentary (Fig. 128); gonapophysis mod¬ 
erately long and relatively broad, apically rounded (Figs. 127, 128). Leg 3 coxal 
lobe rounded, extending to distal level of femur; telopodite shorter than that of 
2nd leg. Leg 6 with dense coxal setae. Leg 7 coxa with large, subconical mesocaudal, 
and small, slender mesal processes. 

Anterior gonopod colpocoxite (Fig. 120) with apical arm expanding distad, 
curving and tapering caudad, apically subacuminate; lateral ramus long, slender, 


apophysis and left leg 2, anterior aspect. 129-131. C. shastensis paratype. 129. Right posterior gonopod, 
anterior aspect. 130. Right gonapophysis, lateral aspect. 131. Pleurotergites 1-5, lateral aspect. 132, 
133. C. coxalis from Ben Lomond, Santa Cruz Co., CA. 132. Right posterior gonopod, anterior aspect. 
133. Pleurotergites 1-5, lateral aspect. 
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broadly curved; mesal ramus subequal in length, apically broad and denticulate; 
flagellar carina incomplete basally. Lateral lamina broad basally, with three broad, 
closely appressed branches. Telopodite with long, sinuate mesal process and large 
lateral piece expanded into small intermediate septum. 

Posterior gonopod coxal endite (Fig. 126) with broad anterior, and wide, short, 
spiculate caudal lobes. Telopodite without marginal rim. Leg 10 coxa with minute 
mesocaudal, and large, curved caudal projections. 

Femaleparatype.—C yphopod valves unequal, lateral slightly larger, spiculate; 
mesal valve extending into long, caudolateral process (Fig. 185). 

Distribution. —Known only from type and paratype localities. 

Caseya dorada (Chamberlin), New Combination 
(Figs. 134, 139-142, 195) 

Placerna dorada Chamberlin, 194lb: 10, figs. 19-21; Chamberlin and Hoffman, 

1958:88; Buckett, 1964:14. 

Type specimen.— Male holotype and female allotype (NMNH) collected by S. 
and D. Mulaik, 28 March 1941, 9 mi N Placerville, El Dorado Co., CA. 

Diagnosis. — Characterized by short, subequal mesal and lateral rami; by distal 
configuration of colpocoxite, bent sharply caudad, narrowing then expanding api¬ 
cally; and by numerous processes on anterior gonopod telopodite. 

Color. —Dorsum brown becoming mottled ventrad. 

Description (composite of holotype and other males).—Facial setae sparse. Ocel- 
laria with rows of 7, 6, 5, 3 and 1 ocelli, respectively. Relative proportions of 
antennomeres 0.2, 1.2, 2.3, 1.2, 1.6, 1.0, 0.7. 

Collum 1/w ratio 64%. Pleurotergite 3 with margin rounded; 4th pleurotergite 
with margin indented (Fig. 139). Body length 10-11 mm. 

Gonapophysis slender, distally bisinuate, extending to level of femur, apically 
acuminate (Figs. 140, 141). Leg 3 coxal lobe extending to level of prefemur, mesal 
margin straight, lateral margin evenly curved. Leg 7 coxa with a short rounded 
mesal protuberance, small caudal knob, and two mesal, conical processes, one 
adjacent to telopodite base. 

Anterior gonopod colpocoxite (Fig. 134) with apical arm bent sharply caudad, 
narrowing then expanding to broadly rounded tip; rami small, subequal, truncate; 
flagellar carina complete. Flagella not parallel. Lateral lamina subglobose basally, 
divided into two slightly separated branches visible in lateral view, curling ventrad 
apically. Telopodite expanding distad into ten variable processes; intermediate 
septum rudimentary, truncate. 

Posterior gonopod coxal endite (Fig. 142) falcate, apically flattened. Telopodite 
with submarginal ventral sulcus. Leg 10 with robust mesocaudal process. 

Female. — Cyphopod valves unequal, lateral valve larger, long and slender, with 
irregular posterior lobe (Fig. 195). 

Distribution. — San Joaquin Valley and western slope of Sierra Nevada Moun¬ 
tains in central California. The following specimens were examined in addition 
to the holotype: 

CALIFORNIA: Nevada Co., Grass Valley, 2 M, 2 F, 10 Feb 1968 (UCD). 
Placer Co., 6 mi E Auburn, 2 M, 7 Feb 1971, R. F. Wilkey (UCD); Auburn, M, 
12 Mar 1958, L. M. Smith and R. O. Schuster (WAS); 4 mi W Newcastle, M, 15 
Apr 1958, R. O. Schuster and L. M. Smith (NMNH). Sacramento Co., 0.25 mi 
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E Fair Oaks, juv., 1 Jan 1968 (UCD); 1 mi W Folsom Dam, F, 18 Apr 1965 
(UCD); G. M. Goethe Park, M, 8 Jan 1971, R. Chaves (UCD). El Dorado Co., 
Folsom Lake, F, 21 Dec 1966 (UCD); Horseshoe Bar, Folsom Lake St Pk., 2 M, 
12 Mar 1958, L. M. Smith and R. O. Schuster (WAS), 3 M, 3 F, 15 Apr 1958, 

L. M. Smith and R. O. Schuster (NMNH); 3 mi E Placerville, M, F, 19 Jan 1968 
(UCD); 3 mi SW Placerville, 2 M, 4 F, 28 Jan 1968 (UCD); 6 mi S El Dorado, 
16 M, 23 F, 28 Nov 1964 and 26 Nov 1965 (UCD); Riverton, F, 22 Feb 1958, 
R. O. Schuster (WAS), 7 F, 19 Feb 1958, R. O. Schuster (NMNH); nr. Nashville, 

M, 25 Apr 1958, M, 2 F, 5 Mar 1958, L. M. Smith and R. O. Schuster (WAS). 
Amador Co., 3 mi SSE Jackson, 11 M, 11 F, 27 Dec 1965 (UCD); 4 mi SE Jackson, 
M, 27 Dec 1965 (UCD). Calaveras Co., 8 mi N Mountain Ranch, 2 M, 19 Jan 
1968 (UCD); 1 mi NW Mokelumne Hill, 3 M, 6 F, 27 Dec 1965 (UCD). 

Remarks. — Chamberlin (1941b) erected Placerna for this species, based pri¬ 
marily on the supposedly blunt tarsi 2 and 3. With the spectrum of diversity now 
known in Caseya, separate generic status is unjustified. 

Variation was observed in the anterior gonopods and the ventral lamina of 
pleurotergite 4. In males from Nevada County the apical arm of the colpocoxite 
is serrate; however those from 3 mi east of Placerville only possess minute teeth; 
and those from other localities have smooth margins as shown in Figure 134. The 
margin of the 4th pleurotergite is narrow in specimens from 3 mi SSE of Jackson, 
Amador Co., and the anterior comer may be much enlarged, curve cephalad, and 
extend beyond the posterior comer. 

Caseya dorada is common throughout its range. Dense populations were en¬ 
countered 6 mi S El Dorado, El Dorado Co., in loose shale covered with deciduous 
leaf litter. Here the species occurs sympatrically with C. heteropa montana but is 
easily distinguished by its much smaller size. 

Caseya occidentalism New Species 
(Figs. 135, 144, 194) 

Type specimens. — Male holotype and one female paratype (UCD) collected by 
R. F. Wilkey, 14 March 1970, in Del Puerto Canyon, 12 mi W Patterson, Stanislaus 
Co., CA. 

Diagnosis. — Characterized by long, apically rounded lateral ramus with mid- 
length spur; subequal mesal ramus with ventral projection; and by curved apical 
arm of colpocoxite with finely serrate tip. 

Color. —Dorsum brown. 

Holotype.— Facial setae sparse. Ocellaria with rows of 7, 6, 4, 3 and 1 ocelli, 
respectively. Relative proportions of antennomeres 0.3, 1.0, 2.3, 1.4, 1.9, 1.0 and 
0.7. 

Collum 1/w ratio 53%. Pleurotergite with margins evenly rounded, terminating 
above levels of 2nd and 4th pleurotergites; latter with margins concave. Body 
length 9 mm. 

Gonapophysis falcate, extending to level of femur, with long setae along anterior 
margin. Leg 3 coxal lobe, subconical, extending to distal extremity of femur. Legs 
4-6 with rounded coxal s wellings. Leg 7 coxa with short, stout anteriomesal process 
and long, setiferous, subconical, caudal one extending beyond level of prefemur. 

Anterior gonopod colpocoxite (Fig. 135) with apical arm curving caudad, tip 
finely serrate; lateral ramus long, extending beyond tip of latter with spine near 
midlength, apically rounded; mesal ramus subparallel to latter, of same general 
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Figures 139-146. Caseya spp. males. 139-142. C. dorada, 3 mi E Placerville, El Dorado Co., CA. 
139. Pleurotergites 1-5, lateral aspect. 140. Gonapophyses and 2nd legs, anterior aspect. 141. Right 
gonapophysis, lateral aspect. 142. Right posterior gonopod, anterior aspect. 143-146. Caseya spp., 
right posterior gonopods, anterior aspects. 143. C. taliae topoparatype. 144. C. occidental is holotype. 
145. C. sequoia, 2 mi N Hospital Rock, Sequoia Nat. Pk., Tulare Co., CA. 146. C. prionola holotype. 
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configuration but with small ventral projection and enlarged apex; flagellar carina 
complete. Flagella nearly parallel. Lateral lamina large, with two branches curving 
behind and obscured by lateral ramus in lateral view. Mesal lamina broad, cov¬ 
ering much of mesal surface. Telopodite with two mesal processes, long, narrow 
one branching near midlength, and shorter one near apex; intermediate septum 
curving slightly dorsad. 

Posterior gonopod coxal endite (Fig. 144) irregular, ventral surface with depres¬ 
sion, mesal comer extending slightly beyond distal extremity of telopodite. Latter 
without submarginal rim. Leg 10 coxa with long mesocaudal process. 

Femaleparatype. — Cyphopod valves unequal, lateral one extending into round¬ 
ed caudal lobe (Fig. 194). 

Distribution. — Known only from the type locality. 

Caseya prionota, New Species 
(Figs. 138, 146, 197) 

Type specimens.— Male holotype and 17 female paratypes (UCD) collected by 
R. O. Schuster, 5 February 1968, 14 mi E Briceburg, Mariposa Co., CA. Other 
paratypes as follows: Mariposa Co., 1 mi E Briceburg, 7 F, 2 Dec 1967 (UCD). 
Fresno Co., 7 mi SW Auberry, 3 M, 2 F, 4 Mar 1966, J. Prine (UCD). 

Diagnosis. — Characterized by linear lateral ramus, usually bent ventrad apically 
and divided; mesal ramus shorter, apically acute; colpocoxite with apical arm 
curved distally, broadly rounded; and by large, jagged accessory projection from 
base of lateral lamina. 

Color.— Dorsum dark brown. 

Holotype. —Facial setae sparse. Ocellaria with rows of 7, 6, 5, 3 and 2 ocelli, 
respectively. Relative proportions of antennomeres 0.3, 1.4, 3.0, 1.5, 2.2, 1.0, 
0 . 6 . 

Collum 1/w ratio 67%. Pleurotergite 3 shorter than those of segments 2 and 4; 
latter with margin truncate. Body length 12 mm. 

Gonapophysis narrow, extending to level of femur, apically uncinate with lateral 
setae. Leg 3 coxal lobe tapering distad, extending beyond distal extremity of 
prefemur; telopodite longer than that of 2nd leg, tarsal claw rudimentary. Leg 7 
coxa with subconical caudal lobe, extending to distal extremity of prefemur, and 
short, truncate, mesal projection. 

Anterior gonopod colpocoxite (Fig. 138) with apical arm curving broadly cau- 
dad, broadly rounded distally; lateral ramus long, extending beyond tip of col¬ 
pocoxite, straight for most of length, bent ventrad and bifurcate apically; mesal 
ramus shorter, apically acute; flagellar carina inconspicuous. Flagella parallel, 
almost completely enclosed by colpocoxite. Lateral lamina basally broad, with 
large jagged accessory projection from caudal surface (ac, Fig. 138), branches 
subequal, curving caudad, terminating near tip of lateral ramus, apically acumi¬ 
nate, margin notched. Mesal lamina wide basally, narrowing and divided into 
broad anterior plate extending to flagella and long, striated caudal piece. Telop¬ 
odite with two sharp caudally directed spines and spiculate mesal process arising 
at midlength, with subtriangular lateral process farther distad; intermediate sep¬ 
tum small, ovoid. 

Posterior gonopod coxal endite (Fig. 146) with rounded, pilose anterior lobe 
and prominent ventral process, extending well beyond telopodite, lateral comer 
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subacuminate. Telopodite without marginal rim or sulcus. Leg 10 coxa with short, 
broad, mesocaudal process. 

Female paratype.— Cyphopod valves subequal (Fig. 197), lateral slender, with 
caudal lobe. 

Distribution.— Fresno to Mariposa counties, California. The following addi¬ 
tional sample was examined. 

Madera Co., San Joaquin Exper. Range, M, 15 F, 22 Feb 1953, B. Ward 
(NMNH). 

Remarks. — Casey a prionota and sequoia are the only two congeners with an 
accessory process on the lateral lamina. Males from Fresno County vary in the 
configuration of the 4th pleurotergites, the lateral ramus, and the coxal endite. 
The margin of the 4th pleurotergite has a small anterior notch; the lateral ramus 
is not apically bent or divided; and the ventral process of the coxal endite is short, 
not extending beyond the level of the telopodite. 

Caseya sequoia Chamberlin 
(Figs. 137, 145, 196) 

Caseya sequoia Chamberlin, 1941b: 10, figs. 17-18; Causey, 1952:113; 1955:90; 

Chamberlin and Hoffman, 1958:87; Buckett, 1964:13. 

Type specimens. Male holotype, female allotype, and one female and three 
juvenile paratypes collected by S. and D. Mulaik, 21-22 March 1941, 12 mi NE 
Hammond, Tulare Co., CA. The gonopods are missing from the holotype, and 
the following description is prepared from a near topotypical male. 

Diagnosis. — Characterized by broad lateral ramus, apically divided with broad 
mesal and subacuminate lateral branches; slender sinuous mesal ramus; colpo- 
coxite with apical arm bent abruptly caudad, divided into short, rounded lateral 
branch and longer, apically concave mesal branch; lateral lamina with slender, 
barbed, basal accessory process. 

Color. —Dorsum brown. 

Male from Sequoia National Park. — Facial setae sparse. Ocellaria with rows of 
7, 6, 5, 4 and 2 ocelli, respectively. Relative proportions of antennomeres 0.4, 
1.0, 2.3, 1.2, 1.7, 1.0, 0.6. 

Collum 1/w ratio 63%. Pleurotergite 3 shorter than those of segments 2 and 4, 
margin truncate; margin of 4th pleurotergite indented. Body length 15 mm. 

Gonapophysis extending to level of femur, apically uncinate with lateral setae. 
Leg 3 coxal lobe subovoid, extending beyond distal extremity of femur, with small 
apical tuft of setae. Legs 4-6 with rounded coxal swellings. Leg 7 coxa with lateral 
lobe, conical caudal prominence, small, rounded, mesoventral process, and small, 
anterior knob. 

Anterior gonopod colpocoxite (Fig. 137) with apical arm bent abruptly caudad, 
divided into rounded lateral branch and robust mesal branch, distally expanded 
and concave; lateral ramus robust, long, extending beyond tip of apical arm, bent 
ventrad apically and divided, inner branch broadly rounded, outer branch sub¬ 
acuminate; mesal ramus slender, sinuous, and tapered; flagellar carina absent. 
Flagella parallel, entirely enclosed by colpocoxite. Lateral lamina basally broad, 
with narrow, barbed accessory process arising from caudal margin; branches wid¬ 
ening beyond midlength, twisted, apically acute. Mesal lamina expanded, nearly 
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covering mesal surface of gonopod, with three lanceolate branches extending 
beyond bend of telopodite. Telopodite with distolateral bladelike, and serrate 
mesal projections, apex with ovoid spiculate lamina; intermediate septum elongate 
and ovoid, flagellar guide only on lateral side. 

Posterior gonopod coxal endite (Fig. 145) with rounded, pilose anterior lobe, 
stem extending to distal margin of telopodite, indented apically. Telopodite with¬ 
out marginal rim or sulcus. Leg 10 coxa with robust mesocaudal process. 

Female holotype. — Cyphopod valves unequal, mesal valve larger (Fig. 196). 

Distribution. — Known only from Tulare County, California. The following ma¬ 
terial was examined in addition to the type specimens: 

Tulare Co., Hospital Rock Cpgd., Sequoia Nat. Pk., 2 M, 12 Feb 1967 (UCD), 
F, 29 June 1946, collector unknown (AMNH). 

Remarks.— For years we thought the types of C. sequoia were lost, since they 
are not present under this name in the NMNH collection or in its type list. 
However in April 1988, the second author discovered them under the name 
“ Termocona ” sequoia. Evidently, Chamberlin originally planned to erect the new 
genus, “ Termocona for this species but changed his mind without correcting 
the label in the type vial. One wonders why he correctly placed C. sequoia and 
opted against “ Termocona while erecting the monotypic genera Placerna and 
Zantona for other species of Caseya in the two succeeding species accounts (Cham¬ 
berlin, 1941b). 

In the original description of C. sequoia, Chamberlin (1941b) refers to both a 
male and a female as the holotype. The type vial appears to contain a dissected 
male lacking the gonopods and associated legs, one whole female, one dissected 
female, and three fragmented juveniles. We consider the male to be the holotype, 
although it has little value without the gonopods. 

Caseya taliae, New Species 
(Figs. 136, 143, 193) 

Type specimens.— Male holotype and nine male and three female paratypes 
(UCD) collected by J. Prine, 31 January 1966, 10 mi NE Auberry, Fresno Co., 
CA. One male paratype (UCD) collected by M. R. Gardner and T. N. Slay, 18 
January 1970, 3.5 mi NE Oakhurst, Madera Co., CA. 

Diagnosis.— Characterized by short, subacuminate lateral ramus; long, tapered 
mesal ramus; and broadly rounded, apically spiculate apical arm. 

Color. —Dorsum brown. 

Holotype.— Facial setae sparse. Ocellaria with rows of 7, 6, 4 and 2 ocelli, 
respectively; relative proportions of antennomeres 0.2, 1.0, 2.1, 1.1, 1.5, 1.0, 0.6. 

Collum 1/w ratio 61 %. Pleurotergite 3 with margin truncate; 4th pleurotergite 
margin indented. Body length 9 mm. 

Gonapophysis curving slightly cephalad, extending to distal extremity of femur, 
apically acute. Leg 3 coxal lobe subovoid, extending beyond distal extremity of 
femur, with tuft of apical setae. Legs 4-6 with padlike coxal swellings. Leg 7 coxa 
with small anterior knob and two large caudal projections, mesal one triangular, 
lateral one cylindrical and setiferous. 

Anterior gonopod colpocoxite (Fig. 136) with apical arm bent broadly caudad, 
apically rounded and spiculate; lateral ramus short, subacuminate; mesal ramus 
longer, tapered; flagellar carina well developed, complete. Flagella not parallel. 




Figures 147-155. Caseya spp. males. 147, 148. C. benedictae, holotype. 147. Right posterior 
gonopod, anterior aspect. 148. Left anterior gonopod, lateral aspect. 149-151. C. dendrogona. 149. 
Right posterior gonopod of paratype from 7.7 mi SW Cottage Grove, Douglas Co., OR, anterior aspect. 
150. The same, left leg 7, lateral aspect. 151. Left anterior gonopod of paratype from Coos Co., OR, 
lateral aspect. 152-155. C. subtilis topoparatype. 152. Left anterior gonopod, lateral aspect. 153. Right 
gonapophysis, lateral aspect. 154. Right posterior gonopod, anterior aspect. 155. Pleurotergites 1-6, 
lateral aspect. 
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Lateral lamina narrow basally, branches curving broadly caudad, apically blunt. 
Mesal lamina large, divided into broad anterior, and long, sinuous posterior 
branches. Telopodite with prominent caudal projection; intermediate septum 
slightly recurved. 

Posterior gonopod coxal endite (Fig. 143) shorter than telopodite, with anterior 
projection curving behind truncate, setose caudal branch. Telopodite with lateral 
margin curving sharply anteriad, with ventral and anterior rims. Leg 10 coxa with 
long cylindrical process. 

Female paratype. — Cyphopod valves unequal, lateral one larger with irregular 
caudal projection (Fig. 193). 

Distribution. — Known only from the type and paratype localities. 

Casey a shastensis, New Species 
(Figs. 121, 129-131, 191) 

Type specimens. — Male holotype and one male and one female paratypes (UCD) 
collected by J. S. Buckett and M. R. Gardner, 21 December 1966, 18 mi W 
Redding, Shasta Co., CA. 

Diagnosis. — Characterized by short, cupped lateral ramus; short broad mesal 
ramus; largely upright colpocoxite, narrowing beyond midlength, apical arm bent 
caudad, distally short and acute; and complex coxal endite of posterior gonopod, 
with four short projections and laminae. 

Color. —Dorsum brown. 

Holotype.— Facial setae sparse. Ocellaria with rows of 7, 6, 5, 4 and 2 ocelli, 
respectively. Relative proportions of antennomeres 0.4, 1.1, 2.2, 1.2, 1.7, 1.0, 
0 . 6 . 

Collum 1/w ratio 57%. Pleurotergites 2-3 extending to same level, margins of 
latter broadly rounded ; margin of 4th pleurotergite concave (Fig. 131). Body length 
14 mm. 

Gonapophysis extending to level of femur, with lateral row of setae (Fig. 130). 
Leg 3 coxa with subtriangular ventral lobe, extending beyond distal margin of 
prefemur. Legs 4-6 with padlike coxal swellings. Leg 7 coxa with narrow sub- 
conical mesal process and low, anterior knob. 

Anterior gonopod colpocoxite (Fig. 121) largely upright, narrowing distal to 
midlength, apical arm expanding and bending caudad, apically acute; lateral ramus 
short, ventral surface excavated; mesal ramus shorter, wide, leaning laterad; fla¬ 
gellar carina incomplete basally. Flagella parallel. Lateral lamina curving strongly 
anteriad, branches short, sinuate, and curving caudad. Mesal lamina broad, di¬ 
vided into narrow dorsal and broad ventral projections. Telopodite with acute 
distomesal and broad apical processes; intermediate septum small, lateral flagellar 
guide large, with acute dorsal process, mesal guide small. 

Posterior gonopod coxal endite (Fig. 129) with cupped lamina directed anteriad, 
two upright central projections, rounded and acuminate, and short, broad caudal 
lamina. Telopodite without marginal rim or sulcus. Leg 10 coxa with long cylin¬ 
drical mesocaudal process. 

Female paratype. — Cyphopod valves subequal, lateral one divided vertically, 
with rounded caudal lobe (Fig. 191). 

Distribution.— Known only from the type locality. 
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Caseya coxalis Loomis 

(Figs. 122, 132, 133, 189, 190) 

Caseya coxalis Loomis, 1966:225, figs. 5-7. 

Type specimens.— Male holotype and two male and three female paratypes 
(NMNH) collected by O. F. Cook, 21 February 1929, at Davenport, Santa Cruz 
Co., CA. Additional paratypes, all by O. F. Cook (NMNH), as follows: Santa 
Cruz Co., between Santa Cruz and Holy City, M, 3 F, 2 Jan 1928. San Mateo 
Co., S of Pescadero, M, F, 21 Feb 1929. 

Diagnosis. —Characterized by broad, subequal, and nearly identical lateral and 
mesal rami; and by broadly curved, apically irregular and jagged apical arm. 

Color.— Dorsum brown, depigmented areas around dorsal setae and lateral 
striae contiguous on some segments forming irregular middorsal stripe. 

Holotype.— Facial setae sparse. Ocellaria with rows of 7, 6, 5, 3 and 2 ocelli, 
respectively. Relative proportions of antennomeres 0.2, 1.1, 1.9, 1.1, 1.8, 1.0, 
0.5. 

Collum 1/w ratio 56%. Pleurotergite 2 extending below segment 3; 4th pleu- 
rotergite marginally concave (Fig. 133). Body length 14-16 mm. 

Gonapophysis extending to distal extremity of femur, apically uncinate and 
tapered. Leg 3 coxal lobe subtriangular, extending beyond distal extremity of 
femur. Leg 7 coxa with cylindrical caudal projection, extending beyond distal 
extremity of prefemur, and small mesal projection curving laterad distally. 

Anterior gonopod colpocoxite (Fig. 122) with apical arm curving broadly cau- 
dad, apically irregular and jagged; lateral and mesal rami broad, nearly identical, 
extending beyond level of tip of apical arm, expanding beyond midlength; flagellar 
carina complete. Flagella parallel. Lateral lamina basally broad, branches diverg¬ 
ing proximally, curving mesocaudad, converging distally. Mesal lamina with paired 
distal branches. Telopodite with blunt mesal projection, intermediate septum well 
developed. 

Posterior gonopod coxal endite (Fig. 132) broad, mesal and lateral corners 
produced. Telopodite ovoid, without rim on anterior margin. Leg 10 coxa with 
short, rounded mesocaudal process. 

Female. — Cyphopod valves irregular, subequal, lateral one narrow, with or 
without large caudal lobe (Figs. 189, 190). 

Distribution.— Santa Cruz and San Mateo counties, California. The following 
specimens were examined in addition to the types. 

Santa Cruz Co., Ben Lomond, 2 M, F, 28-29 Dec 1964 (UCD), F, 22 Jan 1955, 
D. Burdick and M. Wasbauer (CIS), F, 29 Dec 1966 (UCD); 12 mi N Boulder 
Cr., M, F, 22 Jan 1955, D. Burdick and M. Wasbauer (CIS); 8 mi N Boulder Cr., 
M, 2 F, 22 Jan 1955, D. Burdick and W. Wasbauer (CIS); Boulder Cr., M, 3 F, 
4 Dec 1958, V. Roth (NMNH). 

Caseya subtilis , New Species 
(Figs. 152-155, 192) 

Type specimens.—Male holotype and one male and numerous juvenile para¬ 
types (UCD) collected by J. S. Buckett and M. R. Gardner, 23 March 1968, 7.7 
mi SW Cottage Grove, Douglas Co., OR. Additional paratypes as follows: Douglas 
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Co., Island Cpgd., 0.5 mi S, 1 mi E Steamboat, M, 30 Oct 1971, EMB (WAS). 
Lane Co., Dexter, M, 2 F, Jan 1970, J. S. Buckett (UCD). 

Diagnosis. — Characterized by short rounded lateral ramus; broad curved mesal 
ramus; and broadly curved colpocoxite with fold on outer margin, apical arm 
with inner corner produced, acute. 

Color.— Dorsum with broad middorsal stripe. 

Holotype.— Facial setae sparse. Ocellaria with rows of 7, 6, 5, 3 and 1 ocelli, 
respectively. Relative proportions of antennomeres 0.6, 1.1, 2.3, 1.2, 1.8, 1.0, 
0.7. 

Collum 1/w ratio 58%. Pleurotergite 3 shorter than adjacent segments, margin 
concave; margin of 4th pleurotergite subacuminate (Fig. 155). 

Gonapophysis short, extending to midlength of prefemur, curving sharply ceph- 
alad (Fig. 153). Leg 3 coxal lobe subconical, terminating below level of prefemur. 
Leg 7 coxa with slender cylindrical ventral process, and short, stout mesal process 
curving laterad. Body length 12 mm. 

Anterior gonopod colpocoxite (Fig. 152) curving broadly caudad, outer margin 
folded, apical arm blunt, inner comer produced and acute; lateral ramus short, 
apically rounded; mesal ramus short and broad, curving sharply ventrad, apically 
acute; flagellar carina incomplete. Flagella parallel. Lateral lamina wide basally, 
narrowing to level of division, lateral branch broad covering narrower mesal 
branch in lateral view, both curving sharply caudad and tapering to acuminate 
tips. Mesal lamina wide basally, divided into wide posterior branch, covering 
most of mesal surface of gonopod, and narrow dorsal branch. Telopodite ex¬ 
panding apically into large, serrate lamina; intermediate septum moderately de¬ 
veloped, flagellar guides large. 

Posterior gonopod coxal endite (Fig. 154) complex, with two curled anterior, 
and broad spatulate posterior projections. Telopodite with rim on anterior side. 
Leg 10 coxa with elongate cylindrical mesocaudal process. 

Femaleparatype.—C yphopod valves unequal, mesal slightly larger with blunt 
caudal lobe (Fig. 192). 

Distribution. —Known only from the type and paratype localities. 

Caseya dendrogona, New Species 
(Figs. 149-151, 187, 188) 

Type specimens. — Male holotype (AMNH) collected by E. M. Benedict, 16 
October 1971, along OR hwy. 242, 5 mi E McKenzie Bridge, Lane Co., OR. 
Paratypes as follows: Lane Co., 10 mi E Lowell, M, 4 Mar 1972 EMB (WAS); 
along OR hwy. 126, 2 mi N, 7 mi E McKenzie Bridge, M, F, 28 Feb 1972, EMB 
(WAS). Douglas Co., 7.7 mi SW Cottage Grove, M, 23 Mar 1968, J. S. Buckett 
and M. R. Gardner (UCD). Curry Co., 13 mi E Gold Beach, 2 M, F, 10 Mar 
1972, EMB (WAS). Coos Co., 6 mi E, 2 mi S, and 11 mi E, 4 mi N Alleghany, 
4 M, 2 F, 20 Nov 1971, EMB (WAS). 

Diagnosis.— Characterized by broad, quadrate, subsimilar lateral and mesal 
rami; and by distally expanded, divided apical arm, lateral branch subdivided 
into blunt outer and narrow, spiculate inner projections, mesal branch developed 
into broad lamina with slender apical process. 

Color. —Dorsum brown. Color fading laterad. 

Holotype. —Facial setae sparse. Ocellaria with rows of 5, 5, 4, 3 and 1 ocelli, 
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Figures 156-161. Caseya spp. males. 156, 157. C. bucketti paratype, Inwood, Shasta Co., CA. 
156. Right posterior gonopod, anterior aspect. 157. Left anterior gonopod, lateral aspect. 158, 159. 
C. westcotti. 158. Left anterior gonopod of paratype from Coos Co., OR, lateral aspect. 159. Right 
posterior gonopod of holotype, anterior aspect. 160, 161. C. megasoma. 160. Right posterior gonopod 
of holotype, anterior aspect. 161. Left anterior gonopod of paratype from 8 mi SW Philomath, Benton 
Co., OR, lateral aspect. 
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respectively. Relative proportions of antennomeres 0.3, 0.7, 2.3, 1.4, 2.0, 1.0, 
0.7. 

Collum 1/w ratio 52%. Pleurotergite 3 shorter than segments 2 and 4, margin 
rounded; 4th pleurotergite with margin broadly rounded. Body length 13 mm. 

Gonapophysis short, apically rounded. Leg 3 coxal lobe small, rounded, ter¬ 
minating below level of prefemur. Coxae of legs 4-6 with padlike ventral swellings. 
Leg 7 coxa laterally expanded, surrounding telopodite socket (Fig. 150), with 
slender, cylindrical process extending to distal extremity of prefemur and short, 
heavy mesal projection. 

Anterior gonopod colpocoxite (Fig. 151) angling caudad, greatly expanded dis- 
tad, apical arm with lateral and mesal branches, former subdivided into blunt 
distal and narrower, strongly spiculate proximal projections, mesal branch de¬ 
veloped into broad caudal lamina, tapering distad with slender apical process; 
lateral and mesal rami subsimilar, broad, quadrate, extending to level of other 
lateral projections; flagellar carina incomplete. Flagella parallel. Lateral lamina 
broad basally, branches bending strongly caudad and extending to level of caudal 
margin of telopodite, situated on sheath of latter. Telopodite with strong caudal 
projection, sides curving to form sheath for branches of lateral lamina; inter¬ 
mediate septum well developed, recurved nearly to base. 

Posterior gonopod coxal endite (Fig. 149) comprised of three rounded anterior 
lobes, and two pilose and two narrow caudal processes. Telopodite without mar¬ 
ginal rim or sulcus. Leg 10 coxa with robust mesocaudal process. 

Female paratype. — Cyphopod valves unequal, lateral one smaller, slender, pos¬ 
terior margin irregular; mesal valve longer, with rounded caudal lobe (Figs. 187, 
188). 

Distribution. — Southwestern Oregon from the Pacific Coast to the Cascade 
Mountains. The following samples were examined in addition to the types. 

Lane Co., Oakridge, M, Jun 1952, S. and D. Mulaik (AMNH); 11 mi NE Blue 
River, Andrews Exp. For., 7 M, F, 18 Apr-10 May 1982, 18 Oct-9 Nov 1982, 
16 Jun-7 Jul 1983, 10 Apr-18 May 1984, G. L. Parsons (RLH, NCSM). Douglas 
Co., 5 mi E Glide, M, F, 5 Mar 1957, V. Roth (AMNH). 

Caseya benedictae, New Species 
(Figs. 147, 148) 

Type specimen. — Male holotype (AMNH) collected by E. M. Benedict, 20 April 
1967, in Charleston Woods near Marine Biological Institute, Coos Co., OR. 

Diagnosis. — Characterized by large, broad lateral ramus, extending well beyond 
caudal margin of apical arm, apically rounded and expanded; mesal ramus small; 
colpocoxite curving broadly caudad, apical arm bent abruptly upright with 
subquadrate subapical lamina. 

Color.— Dorsum brown. 

Holotype. —Facial setae sparse. Ocellaria with rows of 7, 6, 5, 3 and 1 ocelli, 
respectively. Relative proportions of antennomeres 0.5, 1.2, 2.7, 1.5, 2.0, 1.0, 
0 . 8 . 

Collum 1/w ratio 52%. Pleurotergite 3 shorter than those of segments 2 and 4, 
margin broadly rounded; 4th pleurotergite with margin broadly rounded. Body 
length 15 mm. 

Gonapophysis short extending to midlength of prefemur, apically rounded. Leg 
3 coxal lobe subconical, terminating below level of prefemur. Leg 7 coxa with 
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cylindrical caudal process, extending to level of prefemur, and short, broad mesal 
projection. 

Anterior gonopod colpocoxite (Fig. 148) curving broadly caudad, apical arm 
bent abruptly upright, narrowly rounded apically with subquadrate caudal lamina; 
lateral ramus very large, extending well beyond caudal margin of apical arm, bent 
ventrad distally, broadly rounded apically; mesal ramus small, poorly developed; 
flagellar carina incomplete. Flagella parallel. Lateral lamina moderately broad 
basally, branches diverging and curving caudad, extending to distal extremity of 
lateral ramus. Mesal lamina not modified. Telopodite divided near midlength 
into long, acute mesal, and larger lateral branches; intermediate septum well 
developed. 

Posterior gonopod coxal endite (Fig. 147) with two narrowly rounded mesal, 
and one lateral lobes, latter terminating below ventral margin of telopodite. Telop¬ 
odite without marginal rim or sulcus. Leg 10 coxa without projections. 

Distribution. —Known only from the type locality. 

Casey a longiloba, New Species 
(Figs. 164, 165, 207) 

Type specimens. —Male holotype (UCD) collected by J. S. Buckett and M. R. 
Gardner, 22 December 1966, 1.5 mi SW Douglas City, Trinity Co., CA. One 
male and one female paratypes (UCD) taken by same collectors, 21 Dec 1966, 
2.5 mi NW Weaverville, Trinity Co. 

Diagnosis. —Characterized by moderately long, apically divided and rounded 
lateral ramus; short, truncate mesal ramus; and by caudally bent, prolonged apical 
arm, extending well beyond level of rami, apically rounded. 

Color. —Dorsum brown. 

Holotype. — Facial setae sparse. Ocellaria with rows of 7, 6, 5, 4 and 2 ocelli, 
respectively. Relative proportions of antennomeres 0.2, 1.0, 1.0, 2.3, 1.3, 1.7, 
1.0, 0.4. 

Collum 1/w ratio 55%. Pleurotergite 3 with margin broadly rounded; 4th pleu- 
rotergite marginally rounded. Body length 20 mm. 

Gonapophysis short, blunt, curving sharply cephalad. Leg 3 coxal lobe sub- 
conical, terminating below level of prefemur. Leg 7 coxa with subconical caudal 
and smaller, curved mesal processes, mesal margin of coxa with tuft of long setae. 

Anterior gonopod colpocoxite (Fig. 165) with apical arm bent strongly caudad 
distally, long and rounded with small proximal mesal spur; lateral ramus mod¬ 
erately long, about half as long as apical arm, apically furcate and rounded; mesal 
ramus short, truncate; flagellar carina incomplete. Flagella not parallel, mesal one 
curving in greater arc, exposed basally below carina. Lateral lamina broad basally, 
branches diverging and extending to level of lateral ramus, caudal one apically 
bifurcate. Mesal lamina broad, extending to distal level of flagella. Telopodite 
with serrate laminas on lateral and mesal sides and strongly dissected apical piece; 
intermediate septum broad, well developed, extending nearly to flagellar bases. 

Posterior gonopod coxal endite (Fig. 164) flush with mesal surface of telopodite, 
with thin mesal lamina. Telopodite with sulcus on anterior and ventral margins. 
Leg 10 coxa with large, rounded mesocaudal process. 

Female paratype. — Cyphopod valves unequal, lateral one tapered, mesal valve 
rounded, with truncate caudal lobe (Fig. 207). 

Distribution.— Known only from the type and paratype localities. 
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Figures 162-167. Caseya spp. males. 162, 163. C. guttata. 162. Right posterior gonopod of ho- 
lotype, anterior aspect. 163. Left anterior gonopod of topoparatype, lateral aspect. 164, 165. C. lon- 
giloba. 164. Right posterior gonopod of holotype, anterior aspect. 165. Left anterior gonopod of 
paratype, lateral aspect. 166, 167. C. paradoxa holotype. 166. Left anterior gonopod, lateral aspect. 
167. Right posterior gonopod, anterior aspect. 
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Remarks.— The paratypes were taken from thick duff above a stream in oak 
woods; the holotype was collected in an oak-pine association. 

Caseya westcotti, New Species 
(Figs. 158, 159, 210, 211) 

Type specimens. —Male holotype (AMNH) collected by E. M. Benedict, prob¬ 
ably in November or December 1971, at Weyerhauser Millicoma Tree Farm, 14 
mi E, 2 mi S Allegany, Coos Co., OR. Paratypes as follows: Coos Co., 6 mi S 
Powers, M, 12 Mar 1968, J. S. Buckett and M. R. Gardner (UCD). Douglas Co., 
2 mi E Canyonville, M, F, 6 Nov 1971, EMB (WAS); 2 mi N Melrose, F, 7 Feb 
1972, EMB (WAS). 

Diagnosis.— Characterized by short, broad, subequal lateral and mesal rami; 
colpocoxite leaning caudad, lateral margin of apical arm scalloped, tip rounded. 

Color. —Dorsum yellowish with small irregular brown spots. 

Holotype.— Facial setae sparse. Ocellaria with rows of 7, 6, 5, 4, 3 and 1 ocelli, 
respectively. Relative proportions of antennomeres 0.3, 1.2, 2.4, 1.4, 1.8, 1.0, 
0.7. 

Collum 1/w ratio 55%. Pleurotergite 3 with margin truncate; 4th pleurotergite 
with anterior corner produced. Body length 20 mm. 

Gonapophysis short, curved, apically acute. Leg 3 coxal lobe slender, subconical, 
terminating below level of prefemur. Legs 4-6 with padlike coxal swellings. Leg 
7 coxa with subtriangular caudal lobe and anterior knob. 

Anterior gonopod colpocoxite (Fig. 158) leaning caudad, apical arm with lateral 
margin scalloped, emarginate, tip rounded; lateral and mesal rami short and broad, 
subequal, curving ventrad at midlength, apically flattened; flagellar carina broad, 
incomplete. Flagella not parallel, mesal one curving in greater arc, exposed basally 
below carina. Lateral lamina broad basally, branches diverging slightly and ex¬ 
tending to level of lateral ramus, caudal branch twisted basally. Mesal lamina 
broad basally, narrowing then expanding, extending to distal level of flagella. 
Telopodite broad basally, with sharp spur on caudal surface, and mesal, lateral, 
and terminal projections; intermediate septum broad, well developed, lateral fla¬ 
gellar guide larger than mesal. 

Posterior gonopod coxal endite (Fig. 159) broad basally, divided distally into 
falcate, spiculate mesal, and rounded lateral projections. Telopodite ovoid with 
strong ventral sulcus. Leg 10 coxa with short, broad, mesocaudal process. 

Female paratype. — Cyphopod valves subequal, with oblique distal laminas (Figs. 

210 , 211 ). 

Distribution. — From the Cascades to the Pacific coast in west central Oregon. 
The following samples were examined in addition to the types: 

Jackson Co., 3 mi S Ruch, M, 13 Nov 1971, EMB (WAS). Lane Co., Dexter, 
M, Jan 1970 (UCD). Lincoln Co., 1.4 N Nashville, 2 F, 20 Dec 1971, EMB 
(WAS). 

Remarks. — Color varies in C. westcotti. Adults from Jackson and Coos counties 
were medium to dark brown dorsally with depigmented areas around the dorsal 
setae and ventrolaterad. One male each from Lane and Douglas counties had 
yellow middorsal stripes. 

The flagella and colpocoxites of the anterior gonopods vary. In the north, at 
Dexter, Lane County, the mesal flagellum curves in a greater arc than in the 
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h. disjuncta 


Figures 168-176. Caseya heteropa subspp. males. 168-172. C. h. heteropa. 168. Right posterior 
gonopod of male from 4 mi N Penngrove, Sonoma Co., CA, anterior aspect. 169. Right posterior 
gonopod of male from 8 mi E Marshall, Marin Co., CA, anterior aspect. 170. Right gonapophysis of 
male from 4 mi N Penngrove, lateral aspect. 171. Pleurotergites 1-5 of the same, lateral aspect. 172. 
Distal extremity of left anterior gonopod of specimen from 8 mi E Marshall, lateral aspect. 173-176. 
C. h. disjuncta paratypes. 173-175. Distal extremities of left anterior gonopods. 173. Male from 12 
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holotype. Specimens from Douglas and Coos counties resemble the latter, and in 
that from Ruch, Jackson County, the flagella are nearly parallel and almost com¬ 
pletely concealed by the carina. These males also differ in that the lateral margin 
of the colpocoxite is less scalloped, and the apical arm is longer, acute, and slightly 
curved. 

Caseya bucketti, New Species 
(Figs. 156, 157, 206) 

Type specimens. — Male holotype and one male and one female paratypes (UCD) 
collected by J. S. Buckett and M. R. Gardner, 22 December 1966, 22 mi W Red 
Bluff, Tehama Co., CA. Other paratypes, taken by same collectors (UCD), as 
follows: Shasta Co., 6 mi W Redding, F, 21 Dec 1966; Inwood, 4 mi NW Shin- 
gletown, M, F, 20 Dec 1966. 

Diagnosis.— Characterized by broad lateral ramus, length subequal to that of 
apical arm; short, rounded mesal ramus; strongly bent apical arm, tip with rounded 
outer lobe and truncate, spiculate inner margin; and large incomplete flagellar 
carina, extending proximad along mesal flagellum as long sheath. 

Color. —Dorsum brown. 

Holotype.— Facial setae sparse. Ocellaria with rows of 7, 6, 5, 4, 3 and 1 ocelli, 
respectively. Relative proportions of antennomeres 0.2, 1.0, 2.2, 1.2, 1.7, 1.0, 
0.4. 

Collum 1/w ratio 55%. Pleurotergite 3 with margins truncate; 4th pleurotergite 
marginally truncate. Body length 18 mm. 

Gonapophysis short, broad, curving sharply cephalad. Leg 3 coxal lobe sub- 
conical, terminating below level of prefemur. Legs 4-6 with padlike coxal swell¬ 
ings. Leg 7 coxa with subconical, caudal process, extending to distal extremity of 
prefemur, smaller anterior process, and tuft of long mesal setae. 

Anterior gonopod colpocoxite (Fig. 157) with apical arm bent strongly caudad 
distally, expanding apically with rounded outer lobe, inner margin truncate and 
spiculate; lateral ramus very broad, extending to level of tip of apical arm, curving 
slightly mesad distally; mesal ramus short, rounded; flagellar carina incomplete, 
extending as long sheath along mesal flagellum. Flagella divergent basally, mesal 
one longer, curving broadly cephalad and exposed below carina basally, lateral 
flagellum shorter, contained within carina. Lateral lamina moderately broad ba¬ 
sally, branches diverging, curving or leaning caudad, caudal branch with tooth at 
midlength, expanding then tapering distad, anterior branch twisted at midlength, 
tapering distally. Mesal lamina expanding distad and divided into ventral and 
dorsal branches, former broader and extending to level of flagellar carina. Telop- 
odite with prominent processes, curved one on caudal margin, two mesad, and 
several distad; intermediate septum well developed. 

Posterior gonopod coxal endite (Fig. 156) with rounded mesal margin, anterior 
surface concave. Telopodite with sulcus on anterior and ventral margins. Leg 10 
coxa with elongate, cylindrical mesocaudal process. 


mi W Winters, Napa Co., CA, lateral aspect. 174. Male from 3 mi W Forestville, Sonoma Co., CA, 
lateral aspect. 175. Male from 12 mi W Winters, posterior aspect. 176. Right posterior gonopod of 
male from 3 mi W Forestville, anterior aspect. 
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Female paratype.— Cyphopod valves large, subequal, configurations similar 
(Fig. 206). 

Distribution. —Known only from the type and paratype localities. 

Remarks. — The anterior gonopods of bucketti dwarf the telopodites of the pos¬ 
terior gonopods, and the flagellar carina is visible in situ. 

Caseya paradoxa, New Species 
(Figs. 166, 167, 208) 

Type specimens. — Male holotype and one male and 11 female paratypes (UCD) 
collected by J. S. Buckett and M. R. Gardner, 2 December 1967, 2 mi E Briceburg, 
Mariposa Co., CA. One male and five female paratypes (UCD) taken by same 
collectors, 8 February 1969, 14 mi E Briceburg, Mariposa Co. 

Diagnosis. — Characterized by broad, straight lateral ramus, slightly shorter than 
apical arm, ventral surface excavated; mesal ramus short, truncate; colpocoxite 
with apical arm bending strongly caudad, greatly expanding at level of bend, 
narrowing, then expanding apically. 

Color. — Dorsum brown. 

Holotype. —Facial setae sparse. Ocellaria with rows of 7, 6, 5, 4 and 2 ocelli, 
respectively. Relative proportions of antennomeres 0.4, 1.4, 2.8, 1.6, 2.2, 1.0, 
0.7. 

Collum 1/w ratio 56%. Pleurotergites 3-4 with margins broadly rounded. Body 
length 18 mm. 

Gonapophysis short, acute, curving sharply cephalad. Leg 3 coxal lobe rounded, 
extending to distal extremity of prefemur. Legs 4-6 with padlike coxal swellings. 
Leg 7 coxa with subconical caudal process and mesal knob. 

Anterior gonopod colpocoxite (Fig. 166) with apical arm bent strongly caudad, 
expanding greatly at level of bend, narrowing quickly, then expanding to broad 
termination, outer comer prolonged, tip blunt; lateral ramus broad, straight, ven¬ 
tral surface excavated, directed slightly dorsad, slightly shorter than apical arm, 
apically blunt; mesal ramus short, truncate; flagellar carina narrow, incomplete. 
Flagella closely parallel. Lateral lamina broad basally, branches separated prox- 
imad, converging and subparallel thereafter, widening at midlength, narrowing, 
then widening to subacuminate tips. Mesal lamina divided distad, anterior branch 
expanding and covering most of distomesal surface of gonopod, posterior branch 
extending toward apex of telopodite in which rounded lobe with curved acute 
projection near midlength. Telopodite with acute lateral process, and long distal 
lamina adjacent to lateral ramus; intermediate septum small, ovoid. 

Posterior gonopod coxal endite (Fig. 167) with truncate mesal lamina, divided 
distal to midlength into two closely appressed projections. Telopodite with lateral 
surface convex, not margined. Leg 10 coxa with robust mesocaudal process. 

Female paratype.— Cyphopod valves unequal, mesal valve larger, extending 
caudad into uncinate lobe (Fig. 208). 

Distribution. — Known only from the type and paratype localities. 

Caseya megasoma, New Species 
(Figs. 160, 161, 209) 

Type specimens.— Male holotype (AMNH) and seven male and four female 
paratypes (WAS) collected by D. R. Malcolm, 30 October 1960, along OR hwy. 
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Figures 177-183. Caseya heteropa subspp. males. 177, 178. C. h. oraria, topoparatype. 177. Distal 
extremity of left anterior gonopod, lateral aspect. 178. Right posterior gonopod, anterior aspect. 179— 
183. C. h. montana paratypes. 179. Distal extremity of left anterior gonopod of male from 3.5 mi N 
Leesville, Colusa Co., CA, lateral aspect. 180. Right posterior gonopod of the same, anterior aspect. 
181. Right posterior gonopod of male from Butte Co., CA, anterior aspect. 182. Distal extremity of 
left anterior gonopod of specimen from 12 mi N Bear Valley, Mariposa Co., CA. 183. Left anterior 
gonopod of male from El Dorado Co., CA, lateral aspect. 
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Figures 184-197. Caseya spp. females. 184-186. Right cyphopods of paratypes, lateral views. 184. 
C. douglasia, 2 mi SE Day Cr., Douglas Co., OR. 185. C. bryophila, French Gulch, Jackson Co., OR. 
186. C. borealis, 1.5 mi S Grapeview, Mason Co., WA. 187, 188. Cyphopods of C. dendrogona 
paratype, 6 mi E Allegany, Coos Co., OR. 187. Posterior aspect. 188. Right cyphopod, lateral aspect. 
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34 at Benton/Lincoln Co. line. Additional paratypes, all from Oregon, as follows: 
Benton Co., 2.3 mi NW Glenbrook, M, 4 Dec 1971, EMB (WAS); 8 mi SW 
Philomath, M, 27 Apr 1969, R. L. Westcott (UCD). Tillamook Co., 4 mi SE 
Blaine, M, F, 15 Mar 1972, EMB (WAS). 

Diagnosis. — Characterized by short, broad, apically rounded and spiculate lat¬ 
eral ramus; large mesal ramus with curved distal lamina; and relatively upright 
colpocoxite, apical arm bending obliquely caudad, narrowing to prolonged acu¬ 
minate tip. 

Color. —Dorsum brown, depigmented areas around dorsal setae converging to 
form continuous yellow middorsal stripe. 

Holotype.—T&oi&X setae sparse. Ocellaria with rows of 7, 6, 5, 4, 3 and 1 ocelli, 
respectively. Relative proportions of antennomeres 0.3, 1.6, 3.7, 1.9, 2.5, 1.0, 
and 0.7. 

Collum 1/w ratio 49%. Pleurotergite 3 with margin broadly rounded; that of 
segment 4 marginally truncate. Body length 20 mm. 

Gonapophysis short, acute, curving sharply cephalad, ventral surface densely 
setose. Leg 3 coxal lobe conical, extending to midlength of prefemur. Leg 7 coxa 
with subconical ventral process, subequal to prefemur in length, and small, an¬ 
terior knob. 

Anterior gonopod colpocoxite (Fig. 161) relatively upright, apical arm bending 
obliquely caudad, tapering rapidly to prolonged acuminate tip; lateral ramus short, 
basally broad, apically rounded and spiculate; mesal ramus large, with curved 
distal lamina; flagellar carina broad, complete. Flagella parallel. Lateral lamina 
moderately broad basally, divided relatively proximad into unequal, subparallel 
branches, caudal one shorter, expanding at midlength, apically acuminate, anterior 
branch longer, bisinuate, tapering to acute tip. Mesal lamina divided into broad 
anterior and long posterior branches. Telopodite with caudal surface concave, 
distally with short, acute mesal, and broad, serrate lateral projections, apex round¬ 
ed; intermediate septum with lateral and mesal flagellar guides. 

Posterior gonopod coxal endite (Fig. 160) divided, with round mesal lamina 
and broad, curved lateral projection adjacent to telopodite. Latter flattened, with 
deep lateral sulcus. Leg 10 coxa with globose mesocaudal process. 

Femaleparatype.—Cyphopod valves broad, subequal, lateral one with caudal 
corner sharply acute (Fig. 209). 

Distribution. — The north-central Oregon coast from Benton/Lincoln to Tilla¬ 
mook counties. In addition to the types, the following samples were examined. 

Benton Co., 10 mi N Philomath, in stomach of newt, M, date unknown, R. 
Freiburg (FSCA). Lincoln Co., along OR hwy. 34 between Tidewater and Wald- 
port, M, 3 F, 19 Sep 1946, J. C. Chamberlin (FSCA). 


189. Cyphopods of C. coxalis , Ben Lomond, Santa Cruz Co., CA, posterior aspect. 190. Right cyphopod 
of the same, lateral aspect. 191-196. Caseya spp., right cyphopod, lateral aspect. 191. C. shastensis 
paratype. 192. C. subtilis paratype, Lane Co., OR. 193. C. taliae topoparatype. 194. C. occidentalis 
paratype. 195. C. dorada, 6 mi S El Dorado, El Dorado Co., CA. 196. C. sequoia paratype. 197. 
Cyphopods of C. prionota paratype, Fresno Co., CA, posterior aspect. 
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Figures 198-211. Caseya spp. females. 198-200. C. h. heteropa, 4 mi NE Penngrove, Sonoma Co., 
CA. 198. Leg two, posterior aspect. 199. Leg three, anterior aspect. 200. Right cyphopod, anterior 
aspect. 201-203. C. heteropa subspp., right cyphopods, lateral aspects. 201. C. h. disjuncta paratype, 
3 mi W Forestville, Sonoma Co., CA. 202. C. h. heteropa, Lagunitas, Marin Co., CA. 203. C. h. oraria 
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Caseya guttata, New Species 
(Figs. 162, 163) 

Type specimens. — Male holotype and one male paratype (UCD) collected by J. 
Ward, 29 January 1969, 4 mi E Sunny Brae, Humboldt Co., CA. One male and 
two female paratypes (WAS) collected by E. M. Benedict, 7 mi N, 3 mi W Brook¬ 
ings, 12 Feb 1972, Curry Co., OR. 

Diagnosis. — Characterized by short lateral ramus, subequal to apical arm, bend¬ 
ing slightly dorsad apically; broad mesal ramus with slender distal process; col- 
pocoxite leaning caudad, extending slightly beyond level of bend, apical arm broad, 
straight, outer corner produced, quadrate. 

Color. —Dorsum with yellow middorsal stripe and large lateral blotches on 
alternate segments imparting checkered or mottled appearance. 

Holotype. —Head lightly pilose. Ocellaria with rows of 7, 6, 5, 4, 3 and 1 ocelli, 
respectively. Relative proportions of antennomeres 0.3, 1.3, 2.7, 1.6, 2.0, 1.0, 
0.7. 

Collum 1/w ratio 57%. Pleurotergite 3 with margin truncate; 4th pleurotergite 
with margin rounded. Body length 20 mm. 

Gonapophysis short, acute, curved sharply cephalad. Leg 3 coxal lobe subcon- 
ical, extending to distal extremity of femur. Leg 7 coxa with conical caudal process, 
length shorter than that of prefemur, and short, curved mesal projection. 

Anterior gonopod colpocoxite (Fig. 163) leaning caudad, apical arm bending 
abruptly caudad, short and broad, outer corner produced, quadrate; lateral ramus 
short, length subequal to that of apical arm, bending slightly dorsad apically, tip 
rounded; mesal ramus broad, rounded, with slender distal process directed toward 
tip of colpocoxite stem; flagellar carina broad, incomplete, with short sheath 
extending proximad along flagella. Latter closely parallel. Lateral lamina with 
short basal piece, branches diverging and subequal, caudal one forked. Mesal 
lamina divided into broad anterior branch, extending distad along flagella, and 
broad posterior branch, curving laterad behind mesal ramus. Telopodite with 
caudal surface concave, with slender caudoventral, acute distolateral, and broad 
mesal processes, apically rounded; intermediate septum broad, with lateral and 
mesal guides. 

Posterior gonopod coxal endite (Fig. 162) not divided, mesal surface concave, 
curled dorsad apically. Telopodite with deep sulcus along caudal margin. Leg 10 
coxa with globose mesocaudal process. 

Distribution.— Curry County, Oregon, to Humboldt County, California. The 
following sample was examined in addition to the types. 

CALIFORNIA: Humboldt Co., Eureka, M, 13 Jul 1937, R. V. Chamberlin 
(NMNH). 


topoparatype. 204, 205. C. heteropa subspp. cyphopods, posterior aspects. 204. C. h. disjunct a paratype, 
12 mi W Winters, Napa Co., CA. 205. C. h. montana. paratype. Bear Valley, Mariposa Co., CA. 206- 
208. Right cyphopods, lateral aspects. 206. C. bucketti paratype, Inwood, Shasta Co., CA. 207. C. 
longiloba paratype, Trinity Co., CA, 208. C. pamdoxa paratype, 2 mi E Briceburg, Mariposa Co., CA. 
209,210. Cyphopods, posterior aspects. 209. C. megasoma paratype, Benton Co., OR. 210. C. westcotti 
paratype, 3 mi N Myrtle Cr., Douglas Co., OR. 211. C. westcotti paratype, right cyphopod, 2 mi E 
Canyonville, Douglas Co., OR, lateral aspect. 





Figures 212-218. Caseya similis, Opiona siliquae. 212-214. C. similis. 212, 213. Holotype. 212. 
Left anterior gonopod, lateral view. 213. Right posterior gonopod, mesal view. 214. Left cyphopod 
of female from Los Angeles, caudal view. 215-218. O. siliquae. 215-217. Holotype. 215. Left anterior 
gonopod, lateral view. 216. The same caudal view. 217. Left posterior gonopod, anterior view. 218. 
Left cyphopod of female, caudal view. 
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Figure 219. Distribution of the family Caseyidae. Dots and horizontal shading, Underwoodia\ 
stars, undetermined forms; vertical shading, western genera; square, disjunct Harney County, Oregon, 
population of Vasingtona irritans. 


Caseya heteropa Cook and Collins 

Diagnosis. — Characterized by short, broad, apically truncate lateral ramus, ven¬ 
tral surface variably excavate; broad rounded mesal ramus; colpocoxite leaning 
caudad, apical arm short, bending caudad, variably blunt, lateral surface flared 
at level of bend, continuing into variable distolateral flange. 

Remarks. — The first western caseyid to be described, C. heteropa is abundant 
and widespread in California, particularly along the coast in the vicinity of San 
Francisco Bay. Cook and Collins (1895) characterized a male and female, but the 
former has disappeared and the latter is labeled the holotype in the NMNH. The 
type locahty is uncertain since the specimens were found in a bottle with “a 
specimen of Paeromopus which is known with certainty to have been taken on 
the hills back to Saucelito (sic), across the Golden Gate from San Francisco.” 
They illustrated the coxal endite of the posterior gonopod, which is particularly 
variable, but the configuration matches that of a specimen from Lagunitas and 
fits closely with other material from Marin County. Therefore, the type locality 
is restricted to Marin County. 

Caseya heteropa is highly variable, and though specific intergrade material is 
lacking, four general forms are so similar that we consider them races of a single 
widespread species. 
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Caseya heteropa heteropa Cook and Collins 

(Figs. 1, 168-172, 202) 

Caseya heteropus Cook and Collins, 1895:85, pi. 12, figs. 209-219; Chamberlin 

and Hoffman, 1958:87; Buckett, 1964:13; Shear, 1972, figs. 431-433, 444. 
Caseya dynotypa Chamberlin, 1947:9; Loomis, 1966:225. NEW SYNONYMY. 
Caseya dynopta: Chamberlin and Hoffman, 1958:87; Buckett, 1964:13. 

Type specimen.— Female holotype (NMNH) collected by T. L. Casey on un¬ 
known date from unknown locality in Marin Co., CA. Male paratype lost. 

Diagnosis. —Characterized by broad, carinate distolateral flange; apical arm 
slightly exposed in lateral view; posterior gonopod with small mesal tooth on 
coxal endite. 

Color. —Dorsum brown. 

Male topotype.—Facial setae sparse. Ocellaria with rows of 7, 6, 5, 4 and 3 
ocelli, respectively. Relative proportions of antennomeres 0.3, 0.8, 2.1, 1.0, 1.5, 
1.0, 0.4. 

Collum 1/w ratio 54%. Pleurotergite 3 with margin truncate, anterior comer 
slightly produced; 4th pleurotergite rounded (Fig. 171). Body length 15 mm. 

Gonapophysis short, acute, curved sharply cephalad (Fig. 170). Leg 3 coxal 
lobe subconical, extending to distal level of prefemur. Legs 4-6 with rounded 
coxal swellings. Leg 7 coxa with short, cylindrical and small acute mesal processes 
and tuft of long mesal setae. 

Anterior gonopod colpocoxite (Fig. 172) leaning caudad, expanding distad, 
apical arm bending caudad, short and blunt, distolateral flange (If, Fig. 172) broad, 
with six distal carinae; lateral ramus short and broad, apically truncate, ventral 
surface slightly excavate; mesal ramus broad, rounded, with two small caudal 
processes; flagellar carina broad, incomplete. Flagella parallel. Lateral lamina 
broad basally, branches widely separated and diverging, apically subacuminate. 
Mesal lamina large, curving broadly caudad, divided distad into two short, blunt 
branches. Telopodite narrowing gradually to acuminate tip with three small apical 
projections; intermediate septum broad. 

Posterior gonopod coxal endite (Fig. 169) with small tooth on mesal surface, 
apically expanded, flattened. Telopodite with nearly complete marginal sulcus. 
Leg 10 coxa with elongate mesocaudal process. 

Female topotype. — Cyphopod valves unequal, lateral larger with rounded caudal 
lobe (Fig. 202). 

Distribution.— Monterey to Sonoma counties, California. The following addi¬ 
tional samples were examined: 

Monterey Co., 1 mi N Carmel, F, 30 Dec 1964 (UCD); Hastings Res, 2 F, 14 
Feb and 23 Mar 1946, J. M. Linsdale (NMNH); Monterey, Del Monte For., M, 
F, 10 Feb 1964, R. Johnson (TSCA); Palo Colorado Cyn., 2 M, 2 F, 7 Feb 1964, 
R. Johnson (FSCA); 4 mi NW Big Sur, 3 M, 3 F, 21 Dec 1968 (UCD); 10 mi SW 
Salinas, M, 3 F, 21 Dec 1968 (UCD); 40 mi S Monterey, 2 F, 21 Feb 1964, R. 
Johnson (FSCA). San Benito Co., Bickmore Cyn., M, 14 Feb 1964, R. Johnson 
(FSCA). Santa Cruz Co., 5 mi NW Loma Prieta, M, 29 Dec 1966 (UCD); Big 
Basin, F, 20 Feb 1968, P. Rubtzoff (CAS). Santa Clara Co., 3 mi W Stevens Cr. 
Dam, nr. Cupertino, M, 3 F, 28 Dec 1966 (UCD); Milpitas, F, 30 Dec 1964 
(UCD); 12 mi W Morgan Hill, F, 21 Feb 1968, W. J. Turner (NCSM). San Mateo 
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Figure 220. Distributions of Vasingtona and Ochrogramma. Dots, V. irritans\ ovals, O. formosula; 
triangles, O. heterogona\ squares, O. bentona ; asterisks, O. haigi. 


Co., Stanford Univ., M, 4 F, 29 Dec 1964 (UCD); summit of La Honda grade, 
juvs., 20 Mar 1921, R. V. Chamberlin (FSCA). Alameda Co., Castro Valley, F, 
27 Dec 1964 (UCD). Solano Co., Cordelia, M, 3 F, 20 Feb 1929, O. F. Cook 
(NMNH); 2 mi W Cordelia, M, F, 29 Nov 1968 (UCD); 2 mi E Cordelia, Green 
Valley Rd., F, 25 Mar 1958, F. Raney (NMNH). Marin Co., Samuel P. Taylor 
St. Pk., M, F, 27 Mar 1971 (UCD), M, 16 Jan 1960, D. D. Linsdale (CIS); Tomales 
Bay St. Pk., F, 6 Feb 1959 (AMNH); Paradise Valley, nr. Bolinas, F, 22 Mar 
1966, C. W. O'Brien (UCD); 8 mi E Marshall, M, 12 Nov 1964 (UCD); Lagunitas, 
M, 3 F, 9 Jan 1965 (UCD); Ring Mt. Res. off Corte Madera, M, 18 Feb 1982, V. 
F. Lee (CAS); 1 mi W Olema, MM, FF, 28 Feb 1976, J. T. Doyen (CIS); Pt. Reyes 
Nat. Seashore, M, 14 Feb 1980, P. R. Kimsey and R. O. Schuster (UCD). Sonoma 
Co., 4 mi NE Penngrove, 3 M, 5 F, 26 Nov 1965 (UCD); 7 mi NE Santa Rosa, 
2 M, 26 Nov 1964 (UCD). 

Remarks. — Abundant around San Francisco and Monterey bays, the nominate 
subspecies is easily recognized by the carinae on the distolateral flange, which is 
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Figure 221. Distributions of Opiona and Metopiona in British Columbia, Washington, and Oregon. 
Stars, O. columbiana\ oval, O. confusa ; dots, O. goedeni] triangles, O. casualis\ squares, O. facetia ; 
diamonds, O fisheri ; half-shaded dot, O. scytonotoides; asterisk, M. sheari. 


smaller in males from Sonoma and Solano counties and covers less of the apical 
arm than in Marin County males. On the southern range periphery in Monterey 
County, the apical arm is broader and the flange is narrower. The coxal endite of 
the posterior gonopod has a mesal projection which varies from a small tooth to 
a distinct spur (Figs. 168, 169). 

Caseya heteropa disjuncta, New Subspecies 
(Figs. 111-117, 173-176, 201, 204) 

Type specimens. — Male holotype (UCD) collected by J. S. Buckett, 25 Novem¬ 
ber 1964, 3 mi W Forestville, Sonoma Co., CA. Paratypes as follows: Napa Co., 

3 mi W Oakville, 6 F, 3 Jan 1958, R. O. Schuster, F. Raney (NMNH); 7 mi W 
Oakville, 7 M, 8 F, juvs., 13 Dec 1957, R. O. Schuster, L. M. Smith (NMNH); 
9 mi S Monticello, juv., 22 Jan 1958, R. O. Schuster (UCD); 16 mi W Winters, 
M, 2 F, 27 Dec 1966, R. C. Gardner and S. E. Harrison (UCD); 12 mi W Winters, 

4 M, 2 F, 12 Nov 1964 (UCD); 4 mi N Calistoga, F, 13 Mar 1966 R. F. Denno 
(UCD). Solano Co., 9 mi W Winters, 4 M, 4 juvs., 19 Dec 1964 (UCD). Sonoma 
Co., 7 mi NW Cloverdale, 3 M, F, 24 Dec 1964 (UCD); 3 mi W Forestville, 15 
M, 11 F, 26 Nov 1964 (UCD); 10 mi NE Santa Rosa, M, 5 F, 27 Nov 1965 
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Figure 222. Distribution of Opiona in California. Dots, O. c. communis-, squares, O. communis 
angusta; triangles, O. communis prolixa\ solid stars, O. exigua\ open star, O. siliquae\ diamonds, O. 
bifurcata-, oval, O. berryessae\ asterisk, O. distincta. 


(UCD); Armstrong Grove St. Pk., M, 6 F, 26 Nov 1964 (UCD), M, 2 F, 9 Dec 
1954, R. O. Schuster (UCD). 

Diagnosis. — Characterized by narrower distolateral flange, without carinae; api¬ 
cal arm nearly completely exposed, apically rounded to lightly serrate (Figs. 173— 
175); posterior gonopod with mesal projection of coxal endite broadly rounded, 
lightly striate (Fig. 176); cyphopods (Figs. 201, 204) with lateral valve larger, 
extending into rounded caudal lobe. 

Distribution. — North of San Francisco Bay from Sonoma to Mendocino coun¬ 
ties, inland to the western edge of Yolo and Solano counties. The following sample 
was examined in addition to the types: 

Yolo Co., 6 mi N Rumsey, M, F, 9 Feb 1960, L. M. Smith and R. O. Schuster 
(FSCA). 

Remarks. — This subspecies was encountered in moist redwood forest, Douglas 
fir-madrone-maple duff, and under the coast live oak. 

Casey a heteropa ornria, New Subspecies 
(Figs. 177, 178, 203) 

Type specimens. —Male holotype and one male and four female paratypes (UCD) 
collected by J. S. Buckett, M. R. Gardner, and J. R. Heifer, 22 December 1964, 
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Figure 223. Distribution of Caseya in Washington and Oregon. Ovals, C. borealis ; circles, C. 
megasoma ; squares, C. westcotti; asterisks, C. dendrogona; triangles, C. subtilis\ dots, C. douglasia; 
diamond, C. benedictae ; stars, C. bryophila] hexagon, C. guttata. 


along Caspar Little Lake Rd., 5 mi NE Mendocino, Mendocino Co., CA. Other 
paratypes from type locality (UCD) by same collectors as follows: M, 10Janl965; 
F, 28 Nov 1965; M, 9 Mar 1968. 

Diagnosis.— Distolateral flange broadly rounded, without carinae; apical arm 
very short, apically spiculate, tip emarginate (Fig. 177); posterior gonopod with 
mesal projection of coxal endite short, blunt (Fig. 178); cyphopod valves slightly 
unequal, lateral extending into short, broad, caudal lobe (Fig. 203). 

Distribution. —Mendocino and Humboldt counties, California. In addition to 
the types, the following three samples were examined: 

Humboldt Co., Eureka, M, 8 F, date unknown, H. S. Barber (NMNH); 3.7 mi 
N Garberville, F, 9 Mar 1968 (UCD). Mendocino Co., 4.1 mi SW Leggett, M, F, 
17 Feb 1967, V. Roth (AMNH). 

Remarks. — The specimens from Mendocino County were collected in mixed 
redwood litter. 


Caseya heteropa montana, New Subspecies 
(Figs. 179-183, 205) 

Type specimens. — Male holotype and four male and 12 female paratypes (UCD) 
collected by J. S. Buckett and M. R. Gardner, 28 November 1964, 6 mi S El 


VOLUME 65, NUMBER 2 


265 



Figure 224. Distributions of Caseya and Speoseya in California. Solid hexagon, C. guttata ; open 
hexagon, C. paradoxa\ dots, C. h. heteropa; circles, C. heteropa disjunct a; open triangles, C. heteropa 
oraria; solid triangles, C. heteropa montana; solid diamonds, C. longiloba ; open diamonds, C. coxalis ; 
oval, C. shastensis ; open stars, C. bucketti: solid stars, C. sequoia ; solid squares, C. dorada; open 
squares, C. prionota; asterisk, C. occidentalism half-shaded dots, C. taliae; stars in dots, C. similis. The 
arrow points to the area of the type locality of Speoseya grahami. 


Dorado, El Dorado Co., CA. Other paratypes as follows, collected by J. S. Buckett, 
M. R. Gardner, and assistants except where indicated. Colusa Co., 3.5 mi N 
Leesville, M, 22 Dec 1965 (UCD); 5 mi W Stonyford, F, 22 Dec 1965 (UCD). 
Butte Co., along Dry Creek Rd., 14 mi N Oroville, M, 2 Mar 1956, R. O. Schuster 
(CIS). Amador Co., Pine Grove, F, 4 Mar 1971, R. F. Wilkey (UCD). Calaveras 
Co., 7 mi NE Copperopolis, 6 M, 11 F, 12 Nov 1966 (UCD); 2 mi NW Mokelumne 
Hill, 2 F, 27 Dec 1965 (UCD). Tuolumne Co., Moccasin Cr. Fish Hatchery near 
Moccasin, 2 M, 3 F, 1 Dec 1967 (UCD). Mariposa Co., 1 mi E Briceburg, 2 M, 
4 F, 2 Dec 1967 (UCD); 14.1 mi E Briceburg, F, 8 Feb 1968 (UCD); 12 mi N 
Bear Valley, 4 M, 9 F, 1 Dec 1967 (UCD). 

Diagnosis. — Distolateral flange of colpocoxite variable, smooth, lightly striate, 
or spiculate, margin entire or sharply acute; apical arm short and variable, with 
or without spicules, margin rounded, irregular, or outer comer produced (Figs. 
179, 182, 183); posterior gonopod with mesal projection of coxal endite variably 
produced and rounded (Figs. 180, 181); cyphopod valves subequal (Fig. 205). 

Distribution.— Known only from the type and paratype localities along the 
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western slope of the Sierra Nevada Mountains from Mariposa to Butte counties, 
extending westward into the northern Sacramento Valley. 

Caseya similis Causey 
(Figs. 212-214) 

Caseya similis Causey, 1952:113-114, figs. 6-7; Chamberlin and Hoffman, 1958: 

88; Loomis, 1966:225-226. 

Type specimen. — Male holotype (NMNH) collected by O. F. Cook, 15 February 
1929, beside Clear Creek at Tehachapi Pass, Kern Co., CA. 

Diagnosis. — Characterized by broad, apically rounded lateral ramus, about half 
as long as apical arm; shorter, narrower, acuminate mesal ramus; colpocoxite 
curving broadly caudad, apical arm curving dorsad, narrowing then expanding 
slightly, bisinuate, apically acute. 

Color.— Dorsum dark with depigmented areas around setae. 

Male holotype. —Facial setae sparse. Ocellaria with rows of 6, 6, 5, 4, and 2 
ocelli. Relative proportions of antennomeres 1.5, 2.5, 1.0, 2.0, 3.5, 0.5. 

Pleurotergite 3-4 with ventral margins rounded. Specimen fragmented, length 
unknown. 

Gonapophysis extending to level of femur, tapering distad. Leg 3 coxa with 
subconical distal lobe. Leg 7 coxa with flattened area on medial side at midlength. 

Anterior gonopod colpocoxite (Fig. 212) curving broadly caudad, apical arm 
curving dorsad, narrowing, then expanding slightly, outer comer prolonged, bisin¬ 
uate, and apically acute; lateral ramus moderately long and broad, about half as 
long as apical arm, narrowing slightly at midlength, apically rounded; mesal ramus 
shorter than lateral, curving dorsad, narrowing rapidly to acuminate tip; flagellar 
carina narrow, complete. Flagella parallel. Lateral lamina moderately broad ba- 
sally, narrowing to level of division, branches parallel and subequal, anterior 
branch expanding near midlength then tapering to subacuminate tip, caudal branch 
tapering evenly and smoothly to acuminate tip. Mesal lamina relatively small, 
with two short projections, curving caudad. Telopodite relatively narrow basally, 
expanding along caudal margin into truncate projection; intermediate septum 
moderately broad. 

Posterior gonopod coxal endite (Fig. 213) moderately broad, divided near mid¬ 
length into broad, apically flattened mesal, and narrow, apically rounded lateral 
branches, lengths subequal. Telopodite without marginal rims. Leg 10 coxa with 
short, truncate mesal projection. 

Female from Los Angeles. — Cyphopod valves subequal, with slight caudal and 
ventral lobes, former rounded, latter truncate (Fig. 214). 

Distribution.— Kern and Los Angeles counties, California. The following sam¬ 
ples were examined in addition to the holotype: 

Kern Co., Woodford, F, 31 Jan 1928, O. F. Cook (NMNH). Los Angeles Co., 
F, site and collector unknown, 31 Dec 1932 (NMNH); Los Angeles, F, Jun 1931, 
Stermsky (NMNH); Millard Canyon, Angeles Nat. For., F, 8 Nov 1983, R. M. 
Shelley, C. L. Hogue, and K. Dobry (NCSM). 

Remarks. — Loomis (1966) reported a second male of C. similis from Woodford, 
Kern Co., collected by O. F. Cook, 8 Jan 1928, which the junior author could 
not locate in the NMNH during visits in 1986 and 1987. Loomis reported that 
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the second legs of this male were not smaller than the first and third pairs, but 
the second legs on the holotype are smaller than the third pair. 
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Addendum 

As the manuscript was going to press, we learned that the male holotype and female paratype of 
O. siliquae at the NMNH will be transferred to the CAS in exchange for a paratype of each sex at this 
institution. Thus in accordance with Causey (1963), the holotype will be at the CAS, along with 2 
male, 3 female, and 2 juvenile paratypes. 

S. I. Golovatch [1980, New forms of Diplopoda from the Soviet Far East and their zoological 
relationships, Zool. Zh., 59:199-207 (in Russian)] described U. kurtschevae , the only caseyid known 
from outside North America, from Hokkaido Island, Japan, and the Amur Region of Siberia and the 
Kamchatka Peninsula, U.S.S.R. He also published a generalized distribution map of the family showing 
the approximate area of the western Nearctic fauna. Thus, Underwoodia contains two species, which 
clearly demonstrate a trans-Beringian connection, and at this writing, the family composition is 45 
species. 
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The Genus Stenosphenus Haldeman 
(Coleoptera: Cerambycidae) 

Edmund F. Giesbert and John A. Chemsak 

(EFG) 9780 Drake Lane, Beverly Hills, California 90210; (JAC) Department 
of Entomological Sciences, University of California, Berkeley, California 94720. 


Abstract.— The elaphidiine genus Stenosphenus Haldeman is reviewed and re¬ 
described. The following new species are proposed: S. bivittatus, S. proruber, S. 
maccartyi, S. cordovanus, and S. penicillinentris, all from Mexico. Two new sub¬ 
species are proposed: S. langurioides wappesi from Mexico, and S. lineatus cos- 
taricensis from Costa Rica. The following changes in status are proposed: S . 
sexlineatus Bates as a subspecies of S. ochraceus Bates, and S. novatus Horn as 
a subspecies of S. cribripennis Thomson. The following synonymies are proposed: 
the genus Stenosphenopsis Linsley as a junior synonym of Stenosphenus ; S. pi- 
norum Casey as a synonym of S. notatus; Stenosphenopsis nitidicollis Linsley as 
a synonym of Stenosphenus langurioides langurioides Bates; S. ebeninus and S. 
erythroderus as synonyms of S. trispinosus; S. comus Bates, S. pruddeni Casey, 
S. aridus Linsley, and S. nigricornis Fisher as synonyms of S. debilis\ S. sublae- 
vicollis as a synonym of S. rufipes ; S. longicollis Casey and S. castaneus Casey as 
synonyms of S. dolosus ; S. amabilis Newman, S. blairi Linsley, S. lepidus Horn, 
S. arizonicus Linsley, S. subtilis Bates, S. piceus Knull, S. texanus Knull, S. 
basicornis Linsley, and S. rossi Linsley as synonyms of S. sobrius. A key to the 
genus is provided. 


The genus Stenosphenus Haldeman as currently defined includes 39 species 
(Chemsak and Linsley, 1982). Of these, 15 are known to occur in the United 
States, 23 in Mexico and Central America, and one in Cuba. Linsley (1963) 
followed Fisher’s (1946) treatment of the genus for the United States. Since that 
time, much more material has become available, particularly from Mexico and 
Central America. This study of thousands of specimens indicates a different geo¬ 
graphic composition for Stenosphenus. The group is clearly centered in Mexico 
with 21 species and subspecies occurring there with only 6 in the United States. 
Thus far, only 2 species are known from as far south as Costa Rica. This distri¬ 
butional pattern is typical of many Mexico centered Cerambycidae. The genera 
contain a relatively large number of species spread throughout Mexico with some 
in common with the United States. Generally there is at least one species widely 
spread over the eastern United States. Among these genera are Psyrassa, Euderces, 
Ecyrus, Phaea, and Tetraopes. 

The name Stenosphenus was first used by Dejean (1835) who listed three un¬ 
described species under that name. Haldeman (1847) validated the genus to ac¬ 
commodate Callidium notatum Olivier. Thomson (1860) also described Steno- 
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sphenus with S. cribripennis as the type species. Various authors subsequently 
added species to the genus, many based on color differences. 

According to our interpretation of the genus, Stenosphenus now contains 28 
species and subspecies, 7 of which are described as new. 

Genus Stenosphenus Haldeman 

Stenosphenus Haldeman, 1847:39; Chevrolat, 1848:13; White, 1853:104; Le- 
Conte, 1873:316; Bates, 1880:65; Bates, 1885:312; LeConte and Horn, 1883: 
301; Horn, 1885:177; Horn, 1886:xii; Leng, 1887:193; Blatchley, 1910:1031; 
Casey, 1912:346; Linsley, 1936:477; Fisher, 1946:86; Knull, 1946:197; Linsley, 
1961:178; Linsley, 1963:14; de Zayas, 1975:159. 

Stenosphenus Thomson (not Haldeman), 1860:372; Thomson, 1864:433; Lacor- 
daire, 1869:130. (Type species: Stenosphenus cribripennis Thomson, mono¬ 
basic.) 

Stenosphenopsis Linsley, 1935:95. (Type species: Stenosphenopsis nitidicollis Lins¬ 
ley, monobasic.) NEW SYNONYMY. 

Form moderately elongate. Head small; front elongate; eyes finely facetted; palpi 
short, subequal, last segment nearly cylindrical; antennal tubercles not or slightly 
elevated; antennae slender, finely punctate and pubescent, sparsely clothed with 
flying hairs, usually surpassing elytral apices in male, usually not reaching them 
in female, intermediate segments often carinate in male, segments 3-7 or 8 bearing 
apical spine on inside, 3rd segment longer than 4th, segments 4-10 subequal, 11th 
often longer than 10th. Pronotum usually somewhat narrowed anteriorly, sides 
rounded, unarmed; disk usually polished, sparsely punctate and nearly glabrous; 
pro sternum with procoxal cavities rounded, not angulate externally, intercoxal 
process abruptly declivous and perpendicular at apex, male prosternum usually 
bearing distinct patch of coarse punctures in front of procoxae; mesosternum 
broad, declivous in front, emarginate or truncate behind, mesocoxal cavities closed 
externally. Elytra elongate, parallel-sided or tapering posteriorly; apices truncate 
or emarginate, angles dentate or spiniform. Legs moderately short, slender; femora 
incrassate to subclavate, not distinctly clavate, apices unarmed; tibiae carinate. 
Type species. — Callidium notatum Olivier (monobasic). 

Range. — North and Central America, and Cuba. 

The genus Stenosphenus is easily recognizable among the New World Elaphi- 
diini. The moderate sized, tapering body form and laterally unarmed, anteriorly 
narrowed pronotum are distinctive characters of the genus. The shape of the 
prosternal intercoxal process and usual presence of coarsely punctate prosternal 
areas in males will also separate Stenosphenus from other related genera. 

Previous efforts to separate species have partly relied on characters such as 
color, number of antennal spines, and shape of the elytral apices. Examination 
of large series of specimens has indicated that these characters are variable and 
sometimes unreliable in determining species. The color of the pronotum and 
appendages may range from reddish or pale to black within the same population 
and may also vary geographically. 

Adults of some species of Stenosphenus are often encountered in large numbers 
on blossoms of trees and shrubs. They may also be abundant on dead or dying 
limbs and branches of their host plants, usually during the day. Some species are 
occasionally attracted to lights, but in small numbers. 
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Key to the Species of Stenosphenus 
1. Dorsal surface vittate, or with longitudinal glabrous lines, which are 


sometimes indistinct, but visible to the naked eye . 2 

- Dorsal surface lacking vittae or glabrous lines . 13 

2(1). Dorsal surface with contrasting blackish integumental vittae . 3 

Dorsal surface with vittae glabrous, not of contrasting color . 7 


3(2). Elytra bright red, with a wide, common, sutural black vitta, dilated 
behind scutellum, and extending to apices. Length 8-11 mm. Mex¬ 
ico (Puebla, Oaxaca, Michoacan). S. suturalis Bates 

- Elytra dark yellowish to orange-brown, with suture narrowly blackish; 

narrow black vittae present on pronotum or elytra. 4 

4(3). Pronotum and head yellowish, shining, with a black median vitta. 

Elytra greyish-yellow. Length 10-12 mm. Mexico (Chiapas, Ta¬ 
basco) and Guatemala . S. vitticollis Bates 

Pronotum and head lacking a median black vitta . 5 

5(4). Form small, slender; length 7-9 mm. Pronotum with an arcuate black 
vitta on each side of disk, overlaid with fine, silky, recumbent 
pubescence intermixed with recumbent setae. Elytral integument 
often with black vittae. Mexico (Yucatan, Quintana Roo) and Gua¬ 
temala . S. bivittatus, n. sp. 

Form larger, robust. Pronotum with lateral pubescence consisting only 
of recumbent setae. Integument orange-brown; elytra with three 

narrow, glabrous, and partially black, vittae. 6 

6(5). Pronotum evenly rounded to apex, marked with a wide, blackish vitta 
on each side of disk, moderately densely overlaid with recumbent 
setae. Length 12-17 mm. Mexico (Sinaloa, Nayarit, Jalisco, Chia¬ 
pas) to Costa Rica. S. ochraceus ochraceus Bates 

Pronotum abruptly rounded near apex, lacking blackish markings, 
with lateral setae sparse. Length 10-15 mm. Mexico (Yucatan, 

Quintana Roo). S. ochraceus sexlineatus Bates 

7 (2). Elytra with glabrous and impunctate vittae nearest suture much wider 
than remaining vittae. Prosternum of male with punctate area wide; 
sides of prothorax lacking accessory punctate patch. Head and pro¬ 
thorax dark red. Length 10-14 mm. Texas to El Salvador . 

. S. lugens LeConte 

Elytra with glabrous vittae nearest suture subequal to remaining discal 
vittae. Prothorax laterally with at least a small, oval, accessory 

punctate patch . 8 

8(7). Abdomen with lateral pubescence consisting primarily of erect hairs 
or setae. Head and pronotum orange-red. Elytra with glabrous vittae 
narrow, indistinct. Prothorax of male laterally with a small, oblong, 
accessory patch. Meso- and metafemora without apical carinae. 

Length 9-13 mm. Mexico (Jalisco, Oaxaca, Guerrero). 

. S. proruber, n. sp. 

Abdomen with lateral pubescence fine, silky, recumbent. Elytra with 
glabrous vittae distinct. Meso- and metafemora carinate apically 

. 9 

9(8). Elytra with sides tapering, widest at humeri; apices at least feebly 




















272 


PAN-PACIFIC ENTOMOLOGIST 


trispinose. Mesosternal processes somewhat prominent. Proster¬ 
num deeply impressed when viewed from side . 10 

Elytra with sides not tapering from humeri, width across middle 
subequal to humeral width; apices bispinose. Mesosternal process 
arcuate. Prosternum shallowly impressed when viewed from side 11 
10(9). Head and pronotum reddish-black to piceous. Prothorax of male with 
large, oval, lateral accessory punctate patch. Length 9.5-15 mm. 

Mexico (Mexico, Jalisco) to Costa Rica. 

. S. langurioides langurioides Bates 

- Head blackish, pronotum reddish-orange with apex narrowly piceous. 

Elytral apices trispinose. Length 11-17 mm. Mexico (Chiapas, 

Quintana Roo). S. langurioides wappesi, n. ssp. 

11(9). Elytra with apices emarginate, bispinose; surface with vittate inter¬ 
stices punctate. Prothorax of male with a large, oval, lateral acces¬ 
sory punctate patch. Integument piceous with head and pronotum 

red. Length 9-12.5 mm. Mexico (Quintana Roo, Yucatan). 

. S. gaumeri Bates 

Elytra with apices transversely truncate, outer angles with stout spine, 
inner angles dentate; surface with vittate interstices impunctate. 
Prothorax of male with a small, oval, lateral accessory punctate 

patch . 12 

12(11). Integument piceous black, femora reddish. Length 10-13 mm. Mex¬ 
ico (Chiapas) and Guatemala. S. lineatus lineatus Bates 

Integument piceous, legs black, head dark red, pronotum orange-red; 
elytra sometimes with base brownish. Length 10-13 mm. Costa 
Rica . S. lineatus costaricensis, n. ssp. 


13(1). Elytra with apices trispinose. 14 

Elytra with apices bispinose, bidentate, or truncate . 15 


14(13). Elytra with scattered fine punctures on disk, with distinctly coarser 
punctures (except at base and apex) on the straight longitudinal 
striae. Integument black, shining, with pronotum or legs sometimes 
red. Length 9-15.5 mm. Mexico to Costa Rica .. S. trispinosus Bates 

- Elytra with punctation fine, uniform. Integument piceous to black, 

shining, legs sometimes reddish. Length 15-17 mm. Mexico (Oa¬ 
xaca, Michoacan, Veracruz, Chiapas) to El Salvador . 

. S. protensus Bates 

15(13). Integument paler, testaceous brown to reddish-brown, with pronotum 

and legs of same or darker color . 16 

- Integument darker, castaneous or dark brown to black, with pronotum 

and legs often at least partially orange or red. 18 

16(15). Integument light to medium brown, rarely piceous, antennae, tibiae, 
and tarsi often darker. Pronotum with disk moderately punctate, 
with a longitudinal, glabrous area behind middle. Elytra moderately 
coarsely, densely punctate. Size small, length 7-12 mm. Arizona, 

S. California, Western Texas, Mexico (Baja California, Durango) 
. S. debilis Horn 

- Integument reddish-brown. Pronotum with disk very sparsely, finely 

punctate. Size larger, length 13-20 mm. 17 



















VOLUME 65, NUMBER 3 


273 


17(16). Elytra clothed with fine, pale, suberect, setose hairs. Pronotum with 
sides slightly rounded, sometimes feebly rugose. Prothorax of male 
lacking lateral accessory punctate patch. Antennae of male sur¬ 
passing elytral apices by 4 segments, spines on segments 3-7, 11th 
segment IV 2 times as long as 10th. Length 13-17 mm. Mexico 

(Sinaloa, Guerrero, Jalisco, Mexico). S. rubidus Linsley 

Elytra clothed with coarse, golden yellowish, subdepressed hairs. 
Pronotum with sides moderately rounded. Prothorax of male with 
large, oval, well-defined, lateral accessory punctate patch. Antennae 
of male surpassing elytral apices by 3 segments, with spines on 
segments 3-8, 11th segment subequal to 10th. Length 14-20 mm. 
Mexico (Jalisco, Oaxaca, Colima, Guerrero) ... S. maccartyi, n. sp. 
18(15). Elytra dark metallic bluish-violet, convex, coarsely, closely punctate. 

Head and prothorax yellow-orange, nearly impunctate. Length 6.25- 

6.5 mm. Cuba . S. insulicola Fisher 

Elytra castaneous, piceous, dark brown, or black, with at most feeble 

metallic reflections . 19 

19(18). Pronotum widest at base. Elytra robust, about 2Vi times as long as 
broad, sides feebly rounded, apices obliquely truncate, bidentate. 
Mesotibiae of male apically dilated. Abdomen of male with ter¬ 
minal sternite medially spined. Antennae moderately robust, pi¬ 
ceous to orange-brown, 3rd segment feebly arcuate. Integument 
black, with legs dark orange. Length 9-14 mm. Mexico (Sinaloa, 

Jalisco, Colima, Guerrero, Morelos, Oaxaca, Puebla). 

. S. rufipes Bates 

- Pronotum widest at or behind middle. Mesotibiae and abdomen of 

male not modified as above. Antennae blackish, 3rd segment linear 

. 20 

20(19). Form moderately slender, sides subparallel. Pronotum feebly round¬ 
ed, slightly longer than wide. Underside with a tuft of hairs anterior 
to each metacoxa composed of long, coarse, reddish hairs on male, 
a few long, fine, erect, pale hairs on female. Integument black, with 
faint bluish reflection to elytra, pronotum often red. Length 7.5- 

12.5 mm. Mexico (Chiapas). S. penicilliventris, n. sp. 

- Form moderately robust, sides feebly curved. Pronotum with sides 

rounded, subquadrate or slightly wider than long. Underside with¬ 
out tufts anterior to metacoxae. Elytra without bluish reflection 

. 21 

21(20). Pronotum shining and nearly impunctate in middle; sides of disk 

coarsely punctate and clothed with recumbent whitish setae .... 22 

- Pronotum lacking recumbent whitish setae at sides of disk . 23 

22(21). Pronotum broader than long, rounded, yellowish, usually with a large 

central brown macula. Elytra piceous, robust, about 2Vi times as 
long as humeral width; pubescence moderately sparse, coarse, sub¬ 
erect. Length 9.5-12 mm. Eastern North America . 

. S. notatus (Olivier) 

Pronotum quadrate or slightly longer than wide. Integument cordo¬ 
van brown. Elytra tapering, more than 2Vi times as long as humeral 
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width; pubescence moderately dense. Length 10-12 mm. Mexico 

(Sinaloa, Michoacan, Jalisco, Guerrero, Oaxaca). 

. S. cordovanus, n. sp. 

23(21). Elytra feebly carinate on each side of suture; apices oblique, strongly 
bispinose; surface moderately coarsely punctate. Head moderately 
narrow, elongate. Prothorax with lateral punctures dense, coarse; 

prosternum of male with punctate patches separate, oval . 24 

Elytra lacking carinae; apices truncate, bidentate, or moderately bi¬ 
spinose. Head not elongate. Prothorax with lateral punctures scat¬ 
tered; prosternum with punctate area wide, trapezoidal, median 
division vague . 25 

24(23). Pronotum red; form moderately robust, elytra slightly less than 2Vi 
times as long as width across humeri. Length 9-11 mm. Mexico 

(Baja California) . S. cribripennis novatus Horn 

Pronotum black; form less robust, elytra slightly more than 2Vi times 
as long as width across humeri. Length 9-14.5 mm. Western and 

southern Mexico to Guatemala . 

. S. cribripennis cribripennis Thomson 

25(23). Pronotum with discal surface somewhat uneven, coarsely, closely 
punctate on either side of a feebly raised, median glabrous callus. 
Elytra coarsely, densely punctate; apices truncate, with angles at 
most feebly dentate. Integument piceous with pronotum often or¬ 
ange, legs usually dark. Length 8-13.5 mm. Arizona, Utah, New 

Mexico, Western Texas . S. beyeri Schaeffer 

- Pronotum with discal surface even, nearly impunctate, or with scat¬ 
tered moderately coarse punctures. Elytra moderately coarsely, 
densely punctate, with apices dentate or spinose. 26 

26(25). Femora piceous. Elytra castaneous, with apices oblique, outer angle 
produced, inner angle dentate. Pronotum dull orange, nearly im¬ 
punctate. Length 7-14 mm. Texas, eastern Mexico (Nuevo Leon 

to Vera Cruz). S. dolosus Horn 

Femora red, usually infuscated at apices. Elytra black, with apices 
truncate, bidentate. Pronotum black or red, with a few moderately 
coarse punctures scattered on disk. Length 7-15 mm. Arizona and 
Western Texas to Guatemala. S. sobrius (Newman) 

Stenosphenus notatus (Olivier) 

Callidium notatum Olivier, 1795:61, pi. 7, fig. 89. 

Stenosphenus notatus : Haldeman, 1847:39; White, 1853:104; Horn, 1885:180; 
Leng, 1887:193; Hamilton, 1888:66; Hamilton, 1891:130; Wickham, 1897:149; 
Blatchley, 1910:1032; Craighead, 1923:72, pi. 15, fig. 8, pi. 21, fig. 6 (larva, 
pupa); Fisher, 1946:89; Knull, 1946:197, pi. 11, fig. 43; Linsley, 1963:16, fig. 
4; Laliberte et al., 1977:99; Waters and Hyche, 1981:285; Hovore, Penrose, 
and Neck, 1986:300 (habits). 

Elaphidion notatum : LeConte, 1850:12. 

Elaphidion deflendum Newman, 1840:6. 

Stenocorus discoideus Sturm, 1826:199. 

Stenosphenus discicollis Dejean, 1835:330; Dejean, 1836:355. 
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Stenosphenuspinorum Casey, 1924:268; Fisher, 1946:89; Linsley, 1963:16. NEW 

SYNONYMY. 

Male. — Form moderately robust; integument piceous to black, strongly shining; 
pronotum and underside of head reddish yellow, the former usually with a large, 
black discal spot. Head with antennae about 1 l A times as long as body, segments 
3-7 spinose at apex. Pronotum widest at middle, sides broadly rounded; surface 
indistinctly punctate, sparsely clothed, especially at sides, with short, recumbent, 
whitish hairs; prosternum with punctate areas anterior to procoxae obsolete. Elytra 
sparsely, uniformly punctate, sparsely, uniformly clothed with short, semierect, 
whitish hairs; apices separately emarginate, both angles acute, the lateral tooth 
slightly longer than the sutural one. Length, 9-16 mm. 

Female.— Similar to male, but with antennae slightly shorter than body, seg¬ 
ments 3-8 spinose at apex, 11th segment short length, 9-16 mm. 

Type locality.— Of notatum, New York; discoideus, discicollis, America borealis; 
deflendum, Georgia; pinorum, North Carolina. 

Range.— Eastern Canada and United States west to Rocky Mountains. 

Flight period. — May-July. 

This species may be easily recognized by the form and color of the pronotum. 
Adults breed in dead limbs of hickory, pecan, and hackberry, with adults over¬ 
wintering in their pupal cells until the spring emergence. 

Stenosphenus suturalis Bates 
(Fig. 4) 

Stenosphenus suturalis Bates, 1872:191; Bates, 1880:67; Bates, 1885:313. 

Male. — Form moderately slender, tapering; integument black, moderately shin¬ 
ing; elytra, and rarely prothorax, red, with a broad, black, common sutural vitta 
widening from behind scutellum, then longitudinal to apex. Head moderately 
narrow; antennae slightly longer than body, with segments 3-7 spinose at apex. 
Pronotum widest behind middle, sides rounded, narrowing somewhat to apex; 
surface sparsely, distinctly punctate, nearly glabrous, with a few moderately long, 
pale, erect hairs at sides; prosternum lacking distinct punctate patches. Elytra 
uniformly, moderately sparsely punctate, uniformly, moderately sparsely clothed 
with suberect pale hairs; apices somewhat oblique, sinuately truncate, with inner 
angle dentate, outer angle moderately spinose. Length, 9-11 mm. 

Female. —Similar to male, but form somewhat less tapering; antennae slightly 
shorter than body, with spines on segments 3-8. Length, 8-11 mm. 

Type locality. — Mexico. 

Range. —South-central Mexico (see Fig. 4). 

Flight period. — August-October. 

This species is easily recognized by the red and black elytra. Specimens from 
Michoacan examined in this study differ from typical S. suturalis, by having a 
red prothorax. 

Stenosphenus vitticollis Bates 

Stenosphenus vitticollis Bates, 1892:169, pi. 7, fig. 6; Chemsak, 1967:80 (lectotype). 

Male. — Form moderately robust; integument testaceus golden-yellow, with 
blackish markings as follows: a median vitta from front of head to base of prono- 
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turn, narrowing somewhat and continuing onto scutellum and elytral suture, and 
across elytral apices, elytra also often with a short humeral vitta, antennae except 
extreme bases of segments, apices of femora, tibiae, and tarsal segments, and parts 
of underside, including a pair of vittae on the prostemum from outside the pro¬ 
coxae to the apex. Head narrow; antennae slightly longer than body, segments 3- 
8 with a slender spine at apex. Pronotum robust, nearly as wide at base as elytral 
humeri, sides subparallel on basal half, narrowed on apical half; surface shining, 
nearly impunctate, glabrous except for a few scattered, erect, pale hairs laterally 
at base; prosternum with well-separated, subtriangular punctate patches; procoxal 
process stout, prominent. Elytra less than 2 Vi times as long as width across humeri, 
sides slightly rounded, apices emarginate, inner angles dentate, outer angles stoutly 
spined; surface moderately closely, finely, and uniformly punctate, uniformly 
clothed with suberect, pale yellowish hairs. Abdomen with lateral pubescence 
coarse, subdepressed, whitish. Length, 10-12 mm. 

Female. —Similar to male, but with antennae slightly shorter than body, seg¬ 
ments 3-9 with apical spines; prosternum with punctate patches obsolete, feebly 
rugose. Length, 10-12 mm. 

Type locality.— Teapa, Tabasco, Mexico. 

Range.— Southeastern Mexico and Guatemala. 

Flight period. — June-September. 

Material examined. — 15 males, 8 females, Sayaaxche, El Peten, GUATEMA¬ 
LA, June 13-July 2, 1964 (E. C. Welling); 1 male, Panzos, GUATEMALA; 1 
female, 1 km W Ocosingo, Chiapas, MEXICO, September 30, 1986 (J. E. Wappes). 

This species, distinctive in color and pattern, shows little variation in the ma¬ 
terial examined, with the exception of an occasional presence on the elytra of a 
short, blackish, humeral vitta. 

Stenosphenus bivittatus Giesbert and Chemsak, New Species 

(Fig. 1) 

Male. — Form small, moderately slender; integument testaceus yellow-brown to 
orange-brown, with blackish markings as follows: head with vitta on each side of 
occiput behind eye, continuing onto pronotum as a wide arcuate vitta on each 
side of disk, narrow vitta on elytral suture, extreme elytral apices, antennae var¬ 
iably except anterior face of scape, elytral discal vittae of variable length and 
thickness (sometimes absent), which may infuscate entire lateral portion of elytron, 
underside from behind prostemum, and usually apices of femora, tibiae, and 
tarsal segments. Head moderately narrow; antennae about as long as body, seg¬ 
ments 3-7 with short, blunt spines at apices. Pronotum subcylindrical, quadrate, 
with sides lightly rounded; surface on middle of disk shining, glabrous, finely, 
sparsely punctate, laterally more densely, coarsely punctate, with mixture of silky 
recumbent golden hairs and recumbent whitish setae; prostemum with pubescent 
patches moderately small, angulate, well separated. Elytra about 2Vi times as long 
as width across humeri, sides moderately curved, apices separately transversely 
emarginate, with inner angle dentate, outer angle more stoutly spined; surface 
moderately densely and finely punctate, moderately densely clothed with subre- 
cumbent yellowish white hairs, sparsely intermixed with longer suberect hairs. 
Abdomen with lateral pubescence fine, silky, recumbent. Length, 7-9 mm. 
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Figure 1. Stenosphenus bivittatus, new species, male. 


Female. — Similar to male, but with antennae distinctly shorter than body, 8th 
segment dentate at apex; prosternum with punctate patches obsolete. Length, 
9 mm. 

Types.— Holotype male, and allotype (California Academy of Sciences), from 
GUATEMALA, Sayaaxche, El Peten, July 2-13, 1964. 4 additional paratypes, 
all from MEXICO, as follows: 1 male, Simojovel, Chiapas, March 17, 1953 (E. 
I. Schlinger); 1 male, Simojovel, August 1-16, 1958 (J. A. Chemsak); 1 male, 30 
mi W Cardenas, Tabasco, July 4, 1971 (Clark, Murray, Hart, Schaffner); 1 male, 
18 km N Puterto Morelos, Quintana Roo, June 15-16, 1983 (E. Giesbert). 

This species, in the few examples seen, exhibits considerable variation in mark¬ 
ings. While all specimens are of uniform size and form, and bear nearly identical 
markings on the pronotum and scape, the discal vittae of the elytra vary from 
nearly absent on the Guatemalan pair, to distinctly vittate on the Tabascan ex¬ 
ample, to heavily infuscated on the lateral half of each elytron on the Quintana 
Roo specimen. The latter individual also lacks black markings on the legs, which 
are present to some degree on all other specimens. 
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Figure 2. Known distribution of Stenosphenus ochraceus ochraceus Bates (solid circles), and Steno- 
sphenus ochraceus sexlineatus Bates (open circles). 


Stenosphenus ochraceus ochraceus Bates 

(Fig. 2) 

Stenosphenus ochraceus Bates, 1872:190; Bates, 1880:67, pi. 6, fig. 6; Bates, 1885: 

313; Chemsak, 1967:80 (lectotype). 

Male. — Form moderate sized, robust; integument orange-brown, with piceous 
to dark brown markings as follows: a large, indistinct lateral macula on each side 
of pronotum not attaining basal nor apical margins, often a macula on each side 
of prosternum anterior to procoxae, antennae except for anterior face of scape, 
elytra with narrow vitta on suture and underlying at least 2 of the 3 glabrous 
discal vittae, infuscate at extreme apices of elytra, lateral portions of underside 
behind prosternum, tibiae, and tarsi. Head narrow, vertex with a few recumbent 
white setae; antennae about 1 Vi times as long as body, with segments 3-8 or 9 
bearing slender spines at apices. Pronotum robust, nearly as wide at base as elytral 
humeri, sides broadly rounded and narrowed to apex; surface of disk sparsely, 
finely punctate and glabrous in middle, with lateral portions moderately densely 
punctate, and clothed with recumbent whitish setae; prosternum with punctate 
patches moderately large, subrectangular, narrowly separated, and moderately 
pubescent. Elytra about 2Vi times as long as width across humeri, sides somewhat 
rounded, apices emarginate, angles spinose, with spine of outer angle much longer 
than that of inner angle; surface moderately finely, densely punctate, clothed with 
moderately dense, subrecumbent setose hairs, with 3 narrow glabrous vittae on 
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each elytron. Abdomen widely clothed laterally with moderately dense, recum¬ 
bent, setose hairs. Length, 12-17 mm. 

Female. — Similar to male, antennae subequal in length to body; punctate patches 
of prosternum obsolete. Length, 12-16 mm. 

Type locality. — Chontales, Nicaragua. 

Range.— Western and southern Mexico to Costa Rica (see Fig. 2). 

One of the more frequently encountered and distinctive species in the genus, 
S. ochraceus has been collected diurnally on dead limbs ( Forsteria sp.), on fence- 
posts, and at blossoms ( Casearia, Croton, Forsteronia, etc.). 

Stenosphenus ochraceus sexlineatus Bates, New Status 

(Fig. 2) 

Stenosphenus sexlineatus Bates, 1892:169, pi. 7, fig. 5; Chemsak, 1967:80 (lec- 

totype). 

Similar to S. o. ochraceus, but average size slightly smaller, with pronotum 
somewhat more robust, the sides subparallel on basal half, then rounding abruptly 
to apex; prothorax lacking dark markings, and with lateral recumbent whitish 
setae sparse. Length, 10-15 mm. 

Type locality.— Temax, N. Yucatan, Mexico. 

Range. — Yucatan peninsula (see Fig. 2). 

Flight period. — July-September. 

Stenosphenus lugens LeConte 

(Figs. 3, 4) 

Stenosphenus lugens LeConte, 1862:41; Horn, 1885:180; Horn, 1886:xii; Leng, 

1887:93; Schaeffer, 1911:125; Fisher, 1946:90; Vogt, 1949:175 (habits); Linsley, 

1963:19; Turnbow and Wappes, 1978:368 (habits); Hovore and Penrose, 1982: 

24 (habits); Hovore, Penrose, and Neck, 1986:300 (habits). 

Stenosphenus hirsutipennis Bates, 1872:191 (note); Bates, 1880:67; Bates, 1885: 

313. 

Male. — Form moderate sized, elongate; integument piceous black, shining, with 
prothorax and head dark red. Head moderately narrow, coarsely, sparsely punc¬ 
tate; antennae about 1 X U or more times as long as body, with segments 3-6 or 8 
bearing slender spines at apices. Pronotum slightly wider than long, widest at 
middle, broadly rounded at sides; surface nearly impunctate and glabrous, with 
at most a few hairs laterally at base; prosternum with punctate patches large, wide, 
subrectangular, narrowly separated in middle, clothed with fine, short, erect pu¬ 
bescence. Elytra nearly 3 times as long as width across humeri, apices truncate, 
inner angle dentate, outer angle more stoutly spinose; surface rather coarsely, 
uniformly punctate, moderately sparsely, uniformly clothed with suberect yellow¬ 
ish-white setose hairs, the punctures and hairs interrupted by longitudinal, gla¬ 
brous, impunctate vittae, the innermost of which is subsutural and distinctly wider 
than other vittae. Abdomen with pubescence moderately sparse, coarse, suberect, 
nearly uniform, with lateral pubescence somewhat more dense. Length, 10-14 mm. 

Female. — Similar to male, but with antennae about as long as body, with spines 
at apices of segments 3-8 or 9; prosternum with punctate patches obsolete, feebly 
transversely rugose, indistinctly punctate. Length, 10-13 mm. 
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Figure 3. Stenosphenus lugens LeConte, male. 


Type locality.—Of lugens, Texas; hirsutipennis, Mexico. 

Range.— Lower Rio Grande Valley, Texas, to southern Mexico (see Fig. 4). 
Flight period. — July-December. 

In the northern part of its range, this species is recorded as breeding in leg- 
uminose hardwoods and hackberry. In Chiapas, Mexico, adults have been taken 
on Calea. 


Stenosphenus proruber Giesbert and Chemsak, New Species 

Male .—Form moderate sized, elongate; integument shining, blackish, with head, 
pronotum, scutellum, and rarely femora, reddish-orange. Head moderately nar¬ 
row, moderately densely punctate; antennae about 1 V 5 times as long as body, with 
segments 3-7 or 8 apically spined. Pronotum slightly longer than broad, widest 
at middle, moderately rounded at sides; surface very sparsely, finely punctate and 
glabrous, with a few erect hairs laterally near base; prostemum with punctate 
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Figure 4. Known distribution of Stenosphenus lugens LeConte (closed circles), Stenosphenus rufipes 
Bates (open circles), and Stenosphenus suturalis Bates (solid squares). 


patch large, trapezoidal, not distinctly divided in middle; prothorax with an ad¬ 
ditional small, oblong, accessory punctate patch on each side. Elytra slightly less 
than 3 times as long as width across humeri, slightly tapering, apices truncate, 
inner angle dentate, outer angle more stoutly spinose; surface uniformly punctate, 
moderately sparsely, uniformly clothed with suberect, pale setose hairs, intermixed 
with scattered longer suberect hairs, with a pair of narrow, indistinct glabrous 
vittae on each elytron. Abdomen with pubescence moderately sparse, coarse, 
suberect, with lateral pubescence of same type, subdepressed, slightly more dense. 
Length, 9-13 mm. 

Female. — Similar to male, but with antennae only slightly longer than body, 
with segments 3-8 or 9 spinose at apex; prothorax without distinct punctate 
patches. Length, 10-12.5 mm. 

Types. — Holotype male, allotype (Instituto de Biologia, UN AM), and 15 para- 
types (3 males, 12 females) from MEXICO, Estacion de Biologia Chamela, Jalisco, 
October 14-23, 1986 (J. A. Chemsak). Additional paratypes, all from MEXICO, 
as follows: 6 males, 8 females, Estacion de Biologia Chamela, Jalisco, July 10- 
20, 1985 (E. Giesbert); 3 males, 5 females, same locality, October 22, 1986 (J. 
D. McCarty) and July 7-15, 1987 (Chemsak, E. & J. Linsley); 2 males, same 
locality, July 19, 1987 (R. Tumbow); 9 males, 17 females, same locality, October 
15-21, 1987 (Giesbert); 1 female, same locality, November 22, 1985 (F. A. No- 
guera M.); 19 males, 17 females, same locality, July 15-24, 1987 (F. Hovore); 7 
males, 5 females, Chamela, Jalisco, July 10-15, 1985 (Giesbert); 1 female, same 
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locality, July 5, 1985 (R. Ayala); 1 female, same locality, July 14-17, 1986 (J. 
Cope); 14 males, 12 females, 17.6 km N Chamela, Jalisco, July 18, 1987 (Turn- 
bow); 4 males, 7 females, 9 km S Chamela, Jalisco, July 15-19, 1986 (Cope); 11 
males, 8 females, 23-33 km S Chamela, Jalisco, July 15-19, 1986 (Cope, Turn- 
bow); 17 males, 18 females, 40 km S Chamela, Jalisco, July 14-17, 1986 (Cope); 
3 males, 21 km N Melaque, at Fiesta Americana sign, July 17-22, 1987 (Hovore); 
1 male, 6 mi N of jet. hwys. 190 & 185, E of Juchitan, July 10, 1956 (R. E. Beer 
& party); 1 male, 23 mi S Matias Romero, Oaxaca, August 14, 1963 (F. D. Parker, 
L. A. Stange); 2 females, 30 mi NE Tehuantepec, Oaxaca, July 8, 1955 (D. 
Giuliani); 3 males, 3 mi W Tehuantepec, cut from Lonchocarpus sp. and Hae- 
matoxylon sp., August 1965 (G. H. Nelson); 1 male, Hwy. 200, 15 km NE Ixtapa, 
Guerrero, July 18-21, 1985 (J. E. Wappes). 

This species is allied to S. lugens, but may be separated by the bright reddish- 
orange head and pronotum, the longer pronotum, narrower and less distinct elytral 
glabrous vittae, and the small lateral accessory punctate patches on the male 
pro thorax. 

Adults have been collected from flowers of Allenanthus, Apoplanesia, Casearia, 
Sapium, and Serjania. 

Stenosphenus latigurioides langurioides Bates 

Stenosphenus langurioides Bates, 1885:313. 

Stenosphenopsis nitidicollis Linsley, 1935:95. NEW SYNONYMY. 

Male. — Form moderate sized, elongate, tapering; integument shining, dark red¬ 
dish brown to blackish, with legs sometimes lighter than body. Ftead moderately 
sparsely, coarsely punctate; antennae about 1 V 5 times as long as body, with seg¬ 
ments 3-6 or 7 spined at apices. Pronotum longer than broad, nearly cylindrical, 
with sides feebly rounded, base moderately strongly impressed, and apex slightly 
narrowed; surface nearly impunctate and glabrous, with a few scattered long, erect, 
pale hairs, and a few fine, recumbent, silky hairs at base; prosternum subangularly 
impressed when viewed from side, punctate patches angulate, indistinctly sepa¬ 
rated in middle; prothorax with moderately large, distinct, oval accessory punctate 
patch on each side. Elytra about 3 times as long as width across humeri, moderately 
tapering to narrow, apices bispinose or trispinose (middle spine usually obsolete 
if present), with outer spines longest; surface moderately finely, moderately sparse¬ 
ly punctate, with somewhat sparse, subdepressed, whitish setose hairs, intermixed 
with a few longer erect hairs, and limited to a pair of narrowly separated discal 
vittae on each side, and a lateral vitta which is sometimes nearly obsolete, sep¬ 
arated from the disk by a wider glabrous line. Mesosternum with intercoxal process 
prominent; abdomen with lateral pubescence fine, silky, recumbent. Legs with 
femora bearing a short carina on both dorsal and ventral surface at apex. Length, 
10-15 mm. 

Female. —Similar to male, antennae slightly shorter, surpassing elytral apices 
by at most 2 segments, with segments 3-8 spinose at apices; prothorax without 
punctate patches. Length, 9.5-15 mm. 

Type locality.—Of langurioides : El Reposo, Quezaltenango, Guatemala; niti¬ 
dicollis : Bejucos, Mexico, Mexico. 

Range.— Mexico to Guanacaste, Costa Rica. 
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Flight period. — June-December. 

Material examined.—2 females, Estacion de Biologia Chamela, Jalisco, MEX¬ 
ICO, July 8-16, 1985 and October 24, 1986 (Chemsak); 1 male, 23.8-27.4 km S 
Chamela, Jalisco, MEXICO, July 16-19, 1987 (R. Turnbow); 1 male, Rio Balsas, 
Guerrero, MEXICO, June 24, 1932 (H. Smith); 2 males, 1 female, 4 mi W 
Coatepeque, GUATEMALA, July 1-4, 1965 (A. Raske, C. Slobodchikoff); 1 
female, Parque Nacional Santa Rosa, Guanacaste prov., COSTA RICA, August 
15, 1977 (D. Janzen); 1 male, Comelco, 8 km NW Bagaces, Guanacaste, COSTA 
RICA, August 15, 1971 (P. Opler); 1 male, Atenas, Alajuela prov., COSTA RICA 
(Schild & Burgdorf); 1 male, 1 female, “La Pacifica,” 3 km NW Canas, Guanacaste 
prov., COSTA RICA, June 4-10, 1973 (Opler); 1 male, 2 females, same locality, 
November 6, 1971 (Opler); 1 male, same locality, May 23-30, 1972 (Opler); 1 
male, 1 female, same locality, June 8, 1983 (E. Giesbert). 

The form of the prothorax, and the prominent mesosternum are the most 
distinctive characters of this species. In Costa Rica adults have been taken on 
flowers of Cordia, Forsteronia, Bixa, and an asclepiad vine. In Mexico on Allen- 
anthus flowers and reared from Brosimum. 

The following subspecies represents an apparently isolated population in south¬ 
ern Mexico. 

Stenosphenus langurioides wappesi Giesbert and Chemsak, 

New Subspecies 

Similar to S. 1. langurioides, but with elytral pubescent vittae uniform and fairly 
distinct, lacking a wide lateral glabrous area. Elytral apices trispinose. Pro thorax 
reddish-orange with apex infuscated with piceous; pronotal pubescence somewhat 
less sparse, with small patches of fine, pale, recumbent hairs on each side at apex 
as well as on base. Length, 11-17 mm. 

Types. —Holotype male, allotype (California Academy of Sciences), and 8 para- 
types (6 males, 2 females) from 17 km W Tuxtla Gutierrez, Chiapas, MEXICO, 
June 27-July 8, 1986 (J. E. Wappes). 18 additional paratypes as follows: 5 males, 
1 female, same locality and dates (E. Giesbert); 3 males, 7 females, same locality, 
June 21-25, 1987 (E. Giesbert, J. Wappes); 1 male, same locality, October 5, 
1986 (E. Giesbert); 1 male, Hwy. 186, 17 km S jet. Hwy. 307, Quintana Roo, 
MEXICO, May 30, 1984 (R. Turnbow). 

This population of S. langurioides is remarkably constant in coloration and in 
the form of the elytral apices. 

We take pleasure in naming this subspecies for James E. Wappes in recognition 
of his interest in the Cerambycidae and excellent fieldwork. 

Stenosphenus gaumeri Bates 

Stenosphenus gaumeri Bates, 1892:169; Chemsak, 1967:80 (lectotype). 

Male. — Form moderate sized, moderately slender; integument shining, dark 
reddish-brown to piceous, with head, prothorax, and femora dark reddish-orange. 
Head moderately wide, antennae about 1 x h times as long as body, with segments 
3-6 spined at apex. Pronotum slightly longer than broad, widest at middle, with 
sides moderately rounded; surface of disk nearly impunctate and glabrous, with 
a few scattered, pale, erect hairs at sides, and an indistinct band of fine, short, 
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subrecumbent, white pubescence near base; prostemum with punctate patches 
large, quadrate, indistinctly separated in middle; prothorax with large, oval, ac¬ 
cessory punctate patch. Elytra about 2% times as long as width across humeri, 
apices emarginate with angles stoutly spined; surface moderately coarsely and 
densely punctate, with 4 distinct, subequal vittae composed of coarse, subde¬ 
pressed, yellowish-white setose hairs, sparsely intermixed with longer erect hairs, 
glabrous interstices somewhat less densely punctate. Abdomen sparsely clothed 
with long, line, erect hairs, denser lateral whitish pubescence fine, short, recum¬ 
bent, silky. Legs with apices of femora carinate. Length, 9-12.5 mm. 

Female. —Not seen. 

Type locality.— Temax, N. Yucatan, Mexico. 

Range. —Yucatan peninsula, Mexico. 

Flight period. - June-August. 

Material examined. — 1 male, 10 km N Puerto Morelos, Quintana Roo, MEX¬ 
ICO, June 15-16, 1983 (E. Giesbert); 1 male, Piste, Yucatan, August 29, 1967 
(E. C. Welling). 

S. gaumeri appears to be quite rare in collections. Although the species bears 
a superficial resemblance to S. lugens, it may be easily distinguished by the re¬ 
cumbent, silky lateral pubescence of the underside, uniform size of the elytral 
glabrous interstices, the large, oval accessory lateral punctate patch of the male 
prothorax, and by the carinate femoral apices. S. gaumeri may be separated from 
the similar appearing S. lineatus Bates by the longer antennae, the emarginate 
elytral apices with inner and outer angles subequally spined, the punctate glabrous 
elytral interstices, and males by the larger lateral prothoracic accessory punctate 
patch. 


Stenosphenus lineatus lineatus Bates 

Stenosphenus lineatus Bates, 1885:313; Chemsak, 1967:80 (lectotype). 

Male.— Form moderate sized; integument shining, blackish, with femora dark 
reddish-orange. Head moderately coarsely punctate; antennae surpassing elytral 
apices by about 2 segments, segments 3-7 or 8 spined at apices, outer segments 
apically dentate on both inside and outside. Pronotum very slightly longer than 
broad, sides slightly rounded, widest a little behind middle, narrowing to apex; 
surface of disk nearly impunctate, glabrous except for a small indistinct band of 
short, fine, appressed hairs near base; prostemum with punctate patches indis¬ 
tinctly separated in middle; prothorax with lateral accessory punctate patches 
present, but small and fairly indistinct. Elytra slightly less than 3 times as long 
as broad, sides feebly tapering, apices truncate, inner angle dentate, outer angle 
strongly spinose; surface with moderately coarse, close punctures and moderately 
dense yellowish-white subrecumbent hairs limited on disk to 3 longitudinal vittae 
on each elytron, distinctly separated by glabrous, impunctate interstices. Abdomen 
with lateral pubescence dense, short, fine, appressed. Legs with apical carinae on 
dorsal and ventral faces of meso- and metafemora. Length, 10-13 mm. 

Female. — Similar to male, antennae subequal to body in length, with apical 
spines on segments 3-8 or 9; prothoracic patches obsoletely punctate. Length, 
10-12 mm. 

Type locality. — Paraiso, 300', Retalhuleu, Guatemala. 
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Range. —Chiapas, Mexico to Guatemala. 

Flight period. — August-October. 

Material examined. — 50 males, 23 females, San Jeronimo, Volcan Tacana, 
Chiapas, MEXICO, October 6, 1970 (E. C. Welling); 4 males, 1 female, same 
locality, September 1-9, 1975 (Welling). 

This species may be distinguished by the black elytra with pubescent vittae 
separated by glabrous, impunctate interstices and strong spines at the outer apical 
angle, and the reddish femora. 

The following new subspecies represents the more southern populations of S. 
lineatus. 


Stenosphenus lineatus costaricensis Giesbert and Chemsak, 

New Subspecies 

Similar to S. 1. lineatus, but differing by the consistently reddish-orange prono- 
tum, and usually black legs; elytra sometimes brown at base, with legs on palest 
specimens reddish-brown. Prothorax with lateral accessory punctate patch re¬ 
duced to a few punctures. Length, 10-13 mm. 

Types. —Holotype male, allotype (California Academy of Sciences), and 1 male 
paratype from COSTA RICA, 15 km S Santa Elena, Puntarenas prov., December 
23-26, 1985 (E. Giesbert). 16 additional paratypes, all from COSTA RICA, as 
follows: 2 females, 4-6 km S Santa Elena, Puntarenas prov., June 4-7, 1980 (J. 
E. Wappes, E. Giesbert); 1 female, 2 km S Santa Elena, 1300 m, Puntarenas prov., 
June 2, 1979 (H. & A. Howden); 1 male, 6 km S Santa Elena, Puntarenas prov., 
June 6-7, 1983 (E. Giesbert); 1 male, 1 female, same locality, May 23, 1985 (F. 
T. Hovore); 2 males, 2 females, same locality, on blossoms of Croton sp., June 
12, 1986 (F. T. Hovore); 2 males, 1 female, Playa Hermosa, Guanacaste prov., 
June 6-10, 1974 (E. Giesbert); 1 male, Atenas, Heredia prov. (Schild & Burgdorf); 
1 female, Piedras Negras (Schild & Burgdorf); 1 female, “La Caja, bei San Jose,” 
December 1929 (H. Schmidt). 

No material assignable to this species has been seen from intermediate areas 
between Guatemala and Costa Rica, and this apparent geographical isolation, 
along with the consistent difference in pronotal color, suggest subspecific status 
for this population. Specimens from Guanacaste and Heredia provinces are some¬ 
what less melanic, with the elytra brownish at base, gradually darkened toward 
apices, and with the legs often reddish-brown. 

Stenosphenus trispinosus Bates 

(Fig. 5) 

Stenosphenus trispinosis Bates, 1872:191 (note); Bates, 1880:66; Bates, 1885:312; 

Chemsak, Linsley, and Mankins, 1980:30. 

Stenosphenus ebeninus Bates, 1872:234; Bates, 1880:66, pi. 6, fig. 5. NEW SYN¬ 
ONYMY. 

Stenosphenus erythroderus Bates, 1885:313; Chemsak, 1967:80 (lectotype). NEW 
SYNONYMY. 

Male. — Form moderate sized, elongate; integument shining, black, with femora 
or pronotum sometimes reddish. Head narrow, moderately coarsely punctate; 
antennae about 1 Vi times as long as body, with segments 3-7 spinose at apices. 
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Pronotum about as long as broad, widest slightly behind middle, with sides some¬ 
what rounded and tapering to apex; surface very finely, sparsely punctate, glabrous 
except for very few long, erect hairs; prosternum with punctate patch wide, sub- 
trapezoidal, indistinctly divided in middle; prothorax lacking lateral accessory 
punctate patches. Elytra about 3 times as long as width across humeri, tapering, 
apices trispinose; surface finely, sparsely punctate, with a sutural vitta and a pair 
of longitudinal striae of coarser punctures on each side of disk, coarser and finer 
punctures intermixed laterally; pubescence sparse, consisting of short suberect 
setae, which arise from punctate striae in rows, and are scattered elsewhere on 
disk. Abdomen with lateral pubescence fine, appressed, confined to small lateral 
patches on sternites. Length, 9-15.5 mm. 

Female. — Similar to male, antennae slightly longer than body, with segments 
3-8 spinose at apices. Prosternum with punctate patch obsolete, lacking coarse 
punctures. Length, 9-14 mm. 

Type locality.— Of trispinosus : Mexico; ebeninus : Chontales, Nicaragua; eryth- 
roderus : Oaxaca, Mexico. 

Range. —Central Mexico to Costa Rica (see Fig. 5). 

Flight period. — June-December. 

Specimens from Chiapas and Yucatan, Nicaragua, and Costa Rica are all black, 
with the punctation and pubescence of the elytra generally somewhat reduced 
(ebeninus form); other populations have either red legs and black pronotum (tri¬ 
spinosus form), or black legs and red pronotum (erythroderus form), with the 
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former found in western and southern Mexico to Chiapas, Guatemala, and El 
Salvador, and the latter form more common in eastern Mexico. Lack of any clear 
geographical separation, as well as a certain amount of intergradation of characters, 
rules out subspecific status for these populations. 

In western Mexico this species has been reared from Heliocarpus and adults 
taken on Croton flowers. 


Stenosphenus protensus Bates 

Stenosphenus protensus Bates, 1880:66. 

Male.— Form moderately large, elongate, tapering; integument shining, black¬ 
ish, with femora and anterior face of scape black or reddish. Head narrow, mod¬ 
erately sparsely, coarsely punctate; antennae nearly twice as long as body, with 
segments 3-6 or 7 spined at apices. Pronotum longer than broad, widest near 
base, slightly rounded and tapering to apex; surface finely, sparsely punctate, 
glabrous except for a few scattered long erect hairs; prosternum with punctate 
patch subtrapezoidal, not divided in middle; prothorax without lateral accessory 
patch. Elytra about Vh times as long as width across humeri, tapering, apices 
narrow, trispinose, with middle spine sometimes obsolete; surface moderately 
finely, uniformly, moderately sparsely punctate, punctures somewhat denser near 
suture, each puncture bearing a moderately short, pale, suberect, setose hair. 
Mesosternum moderately prominent. Abdomen with lateral pubescence fine, ap- 
pressed. Length, 15-17 mm. 

Female.— Similar to male, antennae about l‘/ 5 times as long as body, with 
segments 3-7 or 8 spined at apices. Prosternum with punctate patch obsolete. 
Length, 15-16.5 mm. 

Type locality. — Zapote (El Zapote, Escuintla), Guatemala. 

Range. —Mexico to El Salvador. 

Flight period.— June, July. 

Material examined.— From MEXICO: 2 females, Temescal, Oaxaca, June 30, 
1964 (A. G. Raske); 1 female, Tolome, Veracruz, July 4, 1941 (C. H. Seevers); 1 
male, 49 mi SE Aquila, Michoacan, July 13, 1984 (Carroll, Schaffner & Fried- 
lander); 4 males, 4 females, 18 km W Tuxtla Guttierez, Chiapas, 3300 ft, June 
27-July 8, 1986 (E. Giesbert); 1 male, same locality, October 3, 1986 (R. Turn- 
bow); 1 male, same locality, September 28-October 2, 1986 (J. E. Wappes); 1 
male, Bosque el Imposible, Alhuachapan prov., 745 m, EL SALVADOR, June 
20, 1979 (R. D. Cave). 

This species is closely allied to S. trispinosus, but may be separated by the larger 
size, longer antennae, and relatively uniform elytral punctation. 

Stenosphenus debilis Horn 

Stenosphenus debilis Horn, 1885:179; Fisher, 1946:90; Linsley, 1963:18, fig. 5; 
Cope, 1984:34 (habits). 

Stenosphenus comus Bates, 1892:169; Chemsak, 1967:80 (lectotype). NEW SYN¬ 
ONYMY. 

Stenosphenuspruddeni Casey, 1912:346, Fisher, 1946:93; Linsley, 1963:22. NEW 
SYNONYMY. 

Stenosphenus aridus Linsley, 1935:166; Fisher, 1946:88; Linsley, 1963:23. NEW 
SYNONYMY. 
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Stenosphenus nigricornis Fisher, 1946:90; Linsley, 1963:17. NEW SYNONYMY. 
Stenosphenus debilis Fall (not Horn), 1901:146. 

Male.— Form moderately small, elongate; integument pale testaceous to me¬ 
dium brown, rarely piceous, pronotum and legs sometimes slightly paler, anten¬ 
nae, tibiae and tarsi sometimes darker. Head moderately short, moderately coarse¬ 
ly punctate; antennae about 1 x h times as long as body, with segments 3-7 spinose 
at apices. Pronotum quadrate or slightly longer than broad, widest near middle, 
sides moderately rounded; surface of disk with coarse, shallow punctures mod¬ 
erately dense except on base, apex, and smooth median area, punctures fine and 
dense laterally, base and sides clothed with fine, dense, recumbent silky hairs, and 
entire pronotum moderately sparsely clothed with long, pale, randomly directed, 
suberect hairs; prostemum with punctate patch subrectangular, divided medially 
by an indistinct carina. Elytra slightly less than 3 times as long as width across 
humeri, nearly parallel sided, rounded at apical V 5 , apices slightly oblique, sinuate- 
truncate, with hind angles dentate; surface moderately coarsely, densely punctate, 
with moderately dense, long, subrecumbent, recurved, pale setose pubescence. 
Underside behind prostemum with lateral pubescence short, fine, pale, appressed, 
silky. Length, 7.5-12 mm. 

Female. — Similar to male, antennae as long as body, segments 3-8 spinose at 
apices. Prosternum with punctate patch obsolete, not bearing coarse punctures. 
Length, 8.5-12 mm. 

Type locality.—Of debilis : Utah; comus: Villa Lerdo, Durango, Mexico; prud- 
deni : Canyon of the Colorado, Arizona; aridus: Zion National Park, Utah; nigri¬ 
cornis: “Yuma, California.” 

Range. — Utah, Arizona, and southern California, to northwestern Mexico and 
northern Baja California. 

Flight period. - June-August. 

This species is recognizable by the usually light brown integument, coarse punc¬ 
tures of the pronotum, and long, moderately dense pubescence. Slight variations 
in color, pubescence, and pronotal ratios do not appear to be sufficiently significant 
or constant to indicate separation of species. Recorded host plants include Salix, 
Populus, and Morus. 


Stenosphenus rubidus Linsley 

Stenosphenus rubidus Linsley, 1935:94. 

Male. — Form moderately large, slender, elongate; integument moderately shin¬ 
ing, reddish-brown, with antennae (including scape), legs, and elytral apices usually 
piceous, abdomen slightly infuscated. Head moderately coarsely punctate; anten¬ 
nae nearly twice as long as body, with segments 3-7 spinose at apices, 4th segment 
about IV 2 times as long as scape, 11th segment about U /2 times as long as 10th. 
Pronotum a little longer than broad, sides moderately rounded, somewhat nar¬ 
rowed anteriorly, slightly constricted at base; surface of disk finely, sparsely punc¬ 
tured, nearly glabrous, with a few scattered coarser punctures bearing suberect 
long hairs laterally near base, rarely feebly transversely rugose; prostemum with 
coarsely punctate area large, subtrapezoidal, not divided in middle; prothorax 
without accessory lateral punctate patches. Elytra about 3 times as long as width 
across humeri, tapering gradually, apices sinuate-truncate, slightly oblique, bi- 
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dentate, with tooth of outer angle stoutest; surface moderately coarsely, but not 
closely punctate, clothed with moderately short, suberect, pale hairs. Abdomen 
laterally clothed with fine, obscure, appressed, yellowish, silky pubescence. Length, 
13-18 mm. 

Female. —Similar to male, antennae surpassing elytral apices by about 2 seg¬ 
ments, segments 3-8 or 9 spined at apices, 11th segment slightly longer than 10th. 
Prosternum with punctate patch obsolete, coarse punctures absent. Length, 13- 
17 mm. 

Type locality. — Bejucos, Mexico, Mexico. 

Range. —Pacific slope of west-central Mexico. 

Flight period. — July-October. 

Material examined. — From MEXICO: 4 males, 2 females, 3 mi E Villa Union, 
Sinaloa, July 24, 1972 (Chemsak & Michelbachers); 2 males, Villa Union, Sinaloa, 
July 20, 1953 (University of Kansas Expedition); 1 female, 5 mi N Mazatlan, 
Sinaloa, July 28, 1964 (Chemsak); 1 female, Chupaderos, Sinaloa, July 3, 1963 
(Parker & Stange); 1 male, Concordia, Sinaloa, July 4, 1963 (Parker & Stange); 1 
male, 3 km E Malpica, Sinaloa, July 30-31, 1980 (J. Cope); 1 male, 7 mi W 
Cihuatlan, Jalisco, July 18, 1963 (R. L. Westcott); 1 male, 1 female, 17.6 km N 
Chamela, Jalisco, July 18, 1987 (R. Tumbow); 1 male, 1 female, 41 km NE Ixtapa, 
Guerrero, July 17-20, 1985 (J. E. Wappes). Also taken at Chamela from August 
to October. 

This distinctive species may be recognized by its large size, and red-brown 
integument. The feebly rugose pronotal disk described by Linsley appears in very 
few specimens from the type locality; the majority of examples from Sinaloa and 
Jalisco seen in this study have the pronotal surface smooth and nearly glabrous; 
however, no other differences are apparent. Adults have been taken on flowers of 
Jatropha and Croton. 

Stenosphenus maccartyi Giesbert and Chemsak, New Species 

(Fig. 6) 

Male. — Form moderately large, elongate, tapering; integument reddish-brown, 
with head, pronotum, and femora somewhat more orange-brown, and antennae, 
except for scape, tibiae, and tarsi dark brown. Head moderately coarsely, closely 
punctate; antennae surpassing elytral apices by about 3 segments, with spines on 
segments 3-8, 4th segment subequal in length to scape, 11th segment at most 
slightly longer than 10th. Pronotum about as long as broad, widest at middle, 
with sides rounded, base slightly constricted; surface of disk finely, sparsely punc¬ 
tate, glabrous in middle; sides moderately coarsely punctate, moderately sparsely 
clothed with subrecumbent setose hairs intermixed with a few long erect hairs; 
prosternum with coarsely punctate area large, subtrapezoidal, not divided in mid¬ 
dle; prothorax with large, oval, lateral accessory punctate patch on each side. 
Elytra about 2% times as long as width across humeri, tapering, apices sinuate- 
truncate, slightly oblique, bidentate, with tooth of outer angle stout; surface mod¬ 
erately coarsely, moderately closely punctate; clothed with subdepressed, golden, 
setose hairs. Abdomen laterally with fine, appressed, silky, golden pubescence. 
Length, 14-19 mm. 

Female. — Similar to male, but slightly less tapering. Antennae surpassing elytral 
apices by about 2 segments, with spines at apices of segments 3-9. Prosternal 
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Figure 6. Stenosphenus maccartyi, new species, female. 

punctate area obsolete, lacking coarse punctures. Prothorax punctate laterally, but 
lacking clearly defined, large, oval, punctate accessory patches. Length, 14-20 mm. 

Types. —Holotype male, allotype (Instituto de Biologia, UN AM), and 52 para- 
types (16 males, 36 females), from MEXICO, Estacion de Biologia Chamela, 
Jalisco, on blossoms of Croton sp., October 14-23, 1986 (J. A. Chemsak, J. D. 
McCarty). Additional paratypes, all from MEXICO, as follows: 4 males, 1 female, 
from type locality, at light, July 8-16, 1985 (J. Chemsak, H. Katsura, A. & M. 
Michelbacher); 2 males, 2 females, same locality, July 10-20, 1985 (E. Giesbert); 
1 female, same locality, August 9, 1982 (C. W. & L. O’Brien, G. Wibmer); 1 
female, same locality, July 19, 1987 (R. Turnbow); 1 male, same locality, at lights, 
July 7-15, 1987 (Chemsak, E. & J. Linsley); 8 males, 5 females, same locality, 
July 15-24, 1987 (F. Hovore); 14 males, 22 females, same locality, on blossoms 
of Gouania rosei, October 16-20, 1987 (Giesbert); 1 female, 17.6 km N Chamela, 
Jalisco, July 18, 1987 (Turnbow); 1 female, 9 km S Chamela, Jalisco, July 15- 
19, 1986 (J. Cope); 1 male, 1 female, 21 km N Melaque, Jalisco, at lights of Fiesta 
Americana sign, July 12, 1987 (Chemsak, E. & J. Linsley); 4 males, 2 females, 
same locality, July 17-22, 1987 (Hovore); 4 males, 1 female, 33-40 km S Chamela, 
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Jalisco, July 14-19, 1986 (Cope); 1 male, 43.7 km NW Ixtapa, Guerrero, July 17, 
1985 (R. Turnbow); 1 male, 1 female, 7 mi W Tehuantepec, Oaxaca, July 1, 1972 
(G. H. Nelson); 1 female, 30 mi NE Tehuantepec, Oaxaca, July 8, 1955 (D. 
Giuliani); 1 male, 23 mi S Matias Romero, Oaxaca, August 14, 1963 (F. D. Parker, 
L. A. Stange); 1 female, 5 mi E La Ventosa, June 28, 1965 (C. Hall); 1 female, 
Manzanillo, Colima, July 4, 1965 (Hall). 

Individual specimens of this species are among the largest of any seen in this 
study. S. maccartyi closely resembles S. rubidus, but may be easily separated by 
the shorter antennae, with relatively shorter 4th and 11th segments, the lateral 
accessory punctate patch of the prothorax, the slightly more robust form, and the 
elytral pubescence, which is much more conspicuous than on S. rubidus, and, to 
the naked eye, imparts a yellowish sheen which contrasts somewhat with the 
orange-brown pronotum. 

We take pleasure in naming this species for John D. McCarty, in recognition 
of his collecting efforts and cooperation. 

Adults have been taken on flowers of Allenanthus, Colubrina, and Sapium from 
June to December. 


Stenosphenus insulicola Fisher 

Stenosphenus insulicola Fisher, 1942:24; de Zayas, 1975:159, pi. 21, fig. d. 

Female ^).—Form small, convex, elongate, nearly parallel sided; integument 
shining, piceous, with head and prothorax yellowish testaceous, elytra with mod¬ 
erately strong bluish-violaceous metallic reflection. Head moderately wide, coarse¬ 
ly, closely punctate; antennae about as long as body, segments 3-7 with short 
apical spines. Pronotum slightly longer than broad, widest at middle, with sides 
feebly, uniformly rounded, base and apex of subequal width; surface finely, sparse¬ 
ly, indistinctly punctate, with a few scattered erect hairs. Elytra slightly more than 
2 x h times as long as width across humeri, sides subparallel, apices subtruncate; 
surface coarsely, densely, deeply, uniformly punctate, moderately sparsely, uni¬ 
formly clothed with pale suberect hairs. Length, 6-7 mm. 

Type locality.—C oast below Pico Turquino, Cuba. 

Range. — Cuba. 

Flight period. — July. 

The single specimen examined, glued to a card, appears to be a female. The 
existing literature on this pretty little species does not deal with sexual characters, 
particularly of the prosternum, and it is difficult at this time to ascertain its true 
status. The distribution, metallic color, style of elytral punctation, and possible 
lack of prosternal punctate areas on the male, make the species somewhat anom¬ 
alous in Stenosphenus, but for the present, it remains in the genus. 

Stenosphenus rufipes Bates 
(Fig. 4) 

Stenosphenus rufipes Bates, 1872:191; Bates, 1880:66; Bates, 1885:312. 
Stenosphenus sublaevicollis Bates, 1892:168; Chemsak, 1967:80 (lectotype). NEW 

SYNONYMY. 

Male. — Form moderately small, moderately robust; integument feebly shining, 
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piceous, with legs brownish-orange, and antennae piceous to dark orange-brown. 
Head moderately elongate, narrow, nearly horizontal, moderately coarsely punc¬ 
tate; antennae about as long as body, moderately stout, with segments 3-7 stoutly 
spined at apices, 3rd segment feebly arcuate, 4th segment slightly shorter than 
scape. Pronotum slightly longer than broad, widest at base, sides feebly rounded, 
tapering to apex; surface glabrous, with scattered fine punctures; prosternum with 
a pair of small, oval, widely separated, coarsely punctate patches. Elytra mod¬ 
erately short, about 2 ¥2 times as long as width across humeri, apices obliquely 
emarginate-truncate, bidentate; surface moderately densely and coarsely, uni¬ 
formly punctate, uniformly clothed with suberect, pale yellowish hairs. Abdomen 
with terminal sternite armed in middle of apex with a stout spine. Legs with 
mesotibiae flattened and dilated at apices, with inner apical spur stout, incurved. 
Length, 9-12 mm. 

Female. — Similar to male, but slightly more robust, with elytra a little less than 
2 ¥2 times as long as width across humeri. Antennae slightly shorter than body, 
with segments 3-8 spined at apices. Prosternum finely punctate, lacking oval 
punctate patches. Abdomen with apical sternite unarmed. Legs with mesotibiae 
not modified. Length, 10-14 mm. 

Type locality.—Of rufipes : Tehuantepec, Pacific side, Mexico; sublaevicollis : 
Acapulco, Guerrero, Mexico. 

Range.— Central and western Mexico (see Fig. 4). 

Flight period. — July-October. 

Males of this species are unique in the genus, with the peculiar sexual modi¬ 
fications of the abdomen and mesotibiae. Adults have been taken on flowers of 
Buddleia, Jatropha, Croton, Allenanthus, Colubrina, and Heliocarpus and reared 
from Serjania. 

Stenosphenus penicilliventris Giesbert and Chemsak, 

New Species 

Male. — Form moderately small, elongate, slender, parallel sided; integument 
shining, black, elytra with a feeble violaceous-blue, metallic reflection, pronotum 
often red. Head coarsely, irregularly, subrugosely punctate; antennae about as long 
as body, segments 3-7 with small apical spines. Pronotum slightly longer than 
broad, nearly cylindrical, widest at middle, sides feebly rounded, base and apex 
shallowly impressed; surface of disk sparsely, indistinctly punctate, nearly glabrous 
except for a thin, indistinct line of fine hairs in basal impression, sides somewhat 
more densely punctate, with a few long erect hairs; prosternum with punctate area 
wide, undivided, not very clearly defined. Elytra convex, about 3 times as long 
as width across humeri, sides nearly parallel, apices shallowly emarginate-truncate, 
bidentate; surface moderately coarsely, densely, deeply punctate, moderately 
sparsely, uniformly clothed with suberect pale hairs. Metastemum with a long, 
brushlike tuft of erect, coarse, pale orange hairs anterior to each metacoxa. Ab¬ 
domen laterally clothed with short, silky, appressed, pale pubescence. Length, 
7.5-10 mm. 

Female. —Similar to male in form, antennal length, and spines, but with the 
prosternal punctate patch obsolete, lacking coarse punctures. Metastemum with 
tufts reduced to a few fine, pale, erect hairs, leaving small underlying spot of fine 
punctures visible. Length, 9-12.5 mm. 

Types. —Holotype male, allotype (California Academy of Sciences), and 11 para- 
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types (6 males, 5 females), from MEXICO, Sumidero Canyon 4000', Chiapas, 
July 7-8, 1986 (E. Giesbert, J. Wappes). 17 additional paratypes, 7 males, 10 
females, same locality, June 14-26, 1987 (E. Giesbert, J. Wappes). 

Males of this species, like those of S. rufipes, exibit unusual sexual modification, 
although of a different type: the tufts of long hairs on the male metastemum bear 
a remarkable resemblance to the tip of an artist’s fine sable-hair brush in miniature. 
The black pronotal color in the type series at hand occurs in only 4 females. No 
all-black males were seen. 


Stenosphenus cordovanus Giesbert and Chemsak, 

New Species 
(Fig. 7) 

Male. — Form moderately small, elongate, moderately tapering; integument 
shining, dark, rich cordovan brown, with femora sometimes dark orange-brown. 
Head moderately narrow, moderately coarsely, subrugosely punctate; antennae 
surpassing elytral apices by about 3 segments, with spines at apices of segments 
3-7 or 8. Pronotum about as long as, or slightly longer than broad, widest behind 
middle, sides moderately rounded, tapering to apex; surface finely, moderately 
sparsely punctate and glabrous in central portion of disk, with exteme base mod¬ 
erately coarsely punctate, and lateral portions moderately finely, densely, uni¬ 
formly punctate, and moderately clothed with recumbent whitish setose hairs; 
prosternum with coarsely punctate area large, subrectangular, indistinctly divided 
in middle. Elytra more than 2Vi times as long as width across humeri, sides feebly 
rounded, tapering, apices slightly oblique, emarginate, bidentate apices; surface 
moderately finely, uniformly punctate, uniformly clothed with moderately dense, 
suberect, yellowish-white setose hairs. Abdomen with lateral pubescence mod¬ 
erately sparse, subrecumbent, setose, middle glabrous. Length, 10-12 mm. 

Female. —Similar to male, antennae surpassing elytral apices by about one 
segment. Prosternum with punctate patch obsolete, finely, obscurely punctate. 
Length, 10-12 mm. 

Types. —Holotype male, allotype (California Academy of Sciences), and 6 para¬ 
types (3 males, 3 females) from MEXICO, Chamela, Jalisco, July 10-15, 1985 
(E. Giesbert). Additional paratypes, all from MEXICO, as follows: 1 female, 
Apatzingan, Michoacan, August 5, 1940 (H. Hoogstraal); 1 male, 1 female, Apat- 
zingan, Michoacan 1200', “semi-desert scrub,” August 21, 1941 (Hoogstraal); 4 
males, 6 females, 30 mi NE Tehuantepec, Oaxaca, July 8, 1955 (D. Giuliani); 1 
female, 7 mi W Tehuantepec, July 2, 1972 (G. H. Nelson); 1 male, near El Marmol, 
Sinaloa, August 4, 1983 (F. Hovore); 3 males, 3 females, Hwy. 200, 43.7-51 km 
NE Ixtapa, July 17-20, 1985 (J. Wappes, R. Turnbow); 1 female, Estacion de 
Biologia Chamela, Jalisco, October 14-23, 1986 (J. A. Chemsak); 1 male, 2 fe¬ 
males, same locality, July 15-24, 1987 (Hovore); 1 female, 9 km S Chamela, 
Jalisco, July 15-19, 1986 (J. Cope); 3 males, 2 females, 17.6 km N Chamela, 
Jalisco, July 18, 1987 (Turnbow); 1 male, 40 km S Chamela, Jalisco, July 14-17, 
1986 (Cope). 

This species may be distinguished by the dark brown integument, and the 
shining glabrous central disk of the pronotum, distinctly bordered by recumbent 
whitish setose hairs. 

Adults have been collected on flowers of Sapium. 
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Figure 7. Stenosphenus cordovanus, new species, male. 


Stenosphenus cribripennis cribripennis Thomson 

(Fig. 8) 

Stenosphenus cribripennis Thomson, 1860:372; Bates, 1880:66; Bates, 1885:312; 

Duffy, 1960:133, figs. 75, 76 (larva); Chemsak, Linsley, and Mankins, 1980:30. 

Male. — Form moderate sized, elongate; integument shining, piceous black, with 
femora orange-red, antennae, tibiae, and tarsi dark brown. Head moderately nar¬ 
row, somewhat coarsely, densely punctate; antennae surpassing elytral apices by 
about 3 segments, with segments 3-7 spined at apices. Pronotum broad, very 
slightly wider than long, sides moderately rounded, feebly narrowed at base, widest 
near middle, narrowing somewhat to apex; surface of disk distinctly, moderately 
finely, sparsely, irregularly punctate, with punctures becoming more dense and 
regular laterally, disk glabrous dorsally, with lateral surface moderately clothed 
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Figure 8. Known distribution of Stenosphenus cribripennis cribripennis Thomson (solid circles), 
and Stenosphenus cribripennis novatus Horn (open circles). 


with pale, suberect hairs; prosternum with a pair of well-separated, oval, coarsely 
punctate impressions anterior to procoxae. Elytra about 2 3 A times as long as width 
across humeri, sides feebly rounded, tapering, apices oblique, emarginate-truncate, 
stoutly bispinose, and with a broad, indistinct carina on each side of suture; surface 
moderately coarsely, moderately densely punctate, moderately sparsely clothed 
with short, suberect, pale, setose hairs. Underside with episternal pieces clothed 
with fine, silky appressed pubescence; abdomen regularly, moderately coarsely 
punctate, less so in middle, sparsely clothed with suberect hairs. Length, 9-14.5 mm. 

Female. — Similar to male, antennae about as long as body, with segments 3- 
8 spined at apices. Prosternum moderately finely punctate, but lacking coarsely 
punctate, oval impressions. Length, 9-14 mm. 

Type locality. —Mexico. 

Range. —Western Mexico to Honduras (see Fig. 8). 

Flight period. — June-December. 

This species is sometimes encountered in great numbers on blossoms of trees 
and shrubs, and is therefore quite common in collections. Although the larva was 
described by Duffy (1960), no larval host was given. S. cribripennis may be 
distinguished by the broad pronotum, which is nearly as broad as the elytral 
humeri, feebly narrowed at the base, and distinctly punctate, by the separated, 
oval punctate patches on the male prosternum, and by the stoutly bispinose elytral 
apices. 
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Stenosphenus cribripennis novatus Horn, New Status 

(Fig. 8) 

Stenosphenus novatus fTom, 1885:178; Leng, 1887:193; Horn, 1894:338 (record); 

Schaeffer, 1911:125; Grossbeck, 1912:326 (record); Linsley, 1934:60 (record); 

Linsley, 1942:44. 

Stenosphenus lucanus Casey, 1912:346. 

Similar to S. c. cribripennis, but with pronotum red, with apex usually narrowly 
infuscated. Pronotum slightly more constricted at base; elytra slightly more robust, 
a little less than 2Vi times as long as width across humeri. Length, 9-11 mm. 

Type locality.—Of novatus : Cape San Lucas; lucanus : Lower California. 

Range. —Southern Baja California, Mexico (see Fig. 8). 

Flight period.— September, October. 

This population of S. cribripennis is restricted to southern Baja California and 
is remarkably consistent in form and coloration. 

Stenosphenus beyeri Schaeffer 

Stenosphenus beyeri Schaeffer, 1905:163; Schaeffer, 1911:125; Fisher, 1946:91; 

Linsley, Knull, and Statham, 1961:11 (record); Linsley, 1963:19. 

Male.— Form moderately small, elongate, nearly parallel sided; integument 
blackish, rarely dark brown, with pronotum often red, or partially red with base 
and apex infuscated. Head moderately short, not narrowed, coarsely, moderately 
densely punctate; antennae surpassing elytral apices by about 2 segments, with 
segments 3-6 or 7 spined at apices. Pronotum slightly wider than long, with sides 
moderately rounded, widest in middle, width of base and apex subequal; surface 
irregularly, moderately densely, coarsely, shallowly punctate, with disk feebly 
impressed on each side of an indistinct, flat, median glabrous callus, sparsely 
clothed with suberect, pale, randomly directed hairs; prosternum with coarsely 
punctate patch wide, subtrapezoidal, indistinctly divided in middle. Elytra slightly 
more than 2 l h times as long as width across humeri, sides subparallel, apices 
truncate, unarmed, or at most with inner angles slightly dentate; surface densely, 
moderately coarsely, uniformly punctate, clothed with moderately short, suberect, 
pale hairs. Length, 8-12.5 mm. 

Female. — Similar to male, antennae not attaining elytral apices, with segments 
3-8 spined at apices. Prosternum with punctate patch moderately finely, rugosely 
punctate, but lacking coarse, deep punctures. Length, 9-13.5 mm. 

Type locality.— Palmerlee, Cochise Co., Arizona. 

Range. —Mountains of southern Arizona and New Mexico. 

Flight period. - June-August. 

S. beyeri bears a close relationship to the Texas populations of S. sobrius, but 
differs by the coarser, denser punctation of both the pronotum and elytra, as well 
as by the truncate, usually unarmed elytral apices. S. beyeri is apparently sympatric 
with S. sobrius populations in southern Arizona, from which it differs even more 
widely. In Arizona S. sobrius, the pronotal disk is sparsely punctate. In addition, 
S. beyeri is recorded as breeding in locust and walnut, and apparently, S. sobrius 
is associated with mesquite, hackberry and oak in the northern part of its range. 
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Figure 9. Known distribution of Stenosphenus sobrius (Newman) (solid circles), and Stenosphenus 
dolosus Horn (open circles). 


Stenosphenus dolosus Horn 

(Fig. 9) 

Stenosphenus dolosus Horn, 1885:179; Leng, 1887:194; Schaeffer, 1911:125; Fish¬ 
er, 1946:91; Linsley, 1963:19; Hovore and Penrose, 1982:24 (habits); Hovore, 
Penrose, and Neck, 1987:301 (habits). 

Stenosphenus longicollis C asey, 1891:34; Casey, 1912:347; Fisher, 1946:93; Lins¬ 
ley, 1963:21. NEW SYNONYMY. 

Stenosphenus castaneus Casey, 1924:269; Fisher, 1946:89; Linsley, 1963:15. NEW 
SYNONYMY. 

Male. — Form moderately small and elongate; integument shining, castaneous 
to dark yellow-brown, with femora piceous, prothorax, and often head, reddish- 
orange. Head moderately short, irregularly, coarsely punctate; antennae surpassing 
elytral apices by about 1 segment, with segments 3-7 spined at apices. Pronotum 
slightly wider than long, sides broadly rounded, widest in middle, base and apex 
subequal in width; surface of disk smooth, shining, nearly impunctate and gla¬ 
brous, except for a few long, erect, pale hairs, mostly at sides and base; prostemum 
with a pair of large, subrectangular, coarsely punctate patches separated in middle 
by a narrow longitudinal elevation. Elytra about 2 3 /» times as long as width across 
humeri, nearly parallel sides, apices obliquely truncate, inner angle dentate, outer 
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angle with a short, stout spine; surface moderately finely, uniformly punctate, 
clothed with pale, suberect, setose hairs. Length, 7-14 mm. 

Female. —Similar to male, antennae slightly shorter than body, segments 3-8 
spined at apices. Prosternum with punctate patches obsolete, surface feebly, trans¬ 
versely rugose, and indistinctly punctate. Length, 7-13 mm. 

Type locality.— Of dolosus : Southwestern Texas; longicollis : Texas; castaneus : 
Texas. 

Range.— Southern Texas and northeastern Mexico (see Fig. 9). 

Flight period. — May-December. 

This species is closely allied to S. sobrius, but differs consistently by the entirely 
dark legs, the castaneous to brown integument, with a shining, reddish-orange 
pronotum, and by the usually oblique truncation of the elytral apices. Several 
species of leguminous hardwoods ( Prosopis, Acacia ) are recorded as larval hosts. 


Stenosphenus sobrius (Newman) 

(Fig. 9) 

Elaphidion sobrium Newman, 1840:30; LeConte, 1850:15. 

Stenosphenus sobrius; White, 1853:105; Bates, 1880:66; Bates, 1885:312; Horn, 
1885:180; Leng, 1887:194. 

Stenosphenus sobrinus; Fisher, 1946:94 (error). 

Elaphidion amabile Newman, 1841:112. NEW SYNONYMY. 

Stenosphenus amabilis; White, 1853:104; Bates, 1880:65; Bates, 1885:312. 
Stenosphenus subtilis Bates, 1880:66; Bates, 1885:312; Chemsak, 1967:80 (lec- 
totype). NEW SYNONYMY. 

Stenosphenus lepidus Horn, 1885:179; Leng, 1887:194; Casey, 1891:34; Schaeffer, 
1911:124; Fisher, 1946:92; Linsley, Knull, andStatham, 1961:11 (record); Lins- 
ley, 1963:21; Hovore and Giesbert, 1976:355 (habits). NEW SYNONYMY. 
Stenosphenus basicornis Linsley, 1934:60; Linsley, 1942:45. NEW SYNONYMY. 
Stenosphenus arizonicus Linsley, 1935:165; Fisher, 1946:93; Linsley, 1963:22. 
NEW SYNONYMY. 

Stenosphenus blairi Linsley, 1935:94. NEW SYNONYMY. 

Stenosphenus rossi Linsley, 1942:45, pi. 4, fig. 8; Fisher, 1946:91. NEW SYN¬ 
ONYMY. 

Stenosphenus piceus Knull, 1946:253; Linsley, 1963:21. NEW SYNONYMY. 
Stenosphenus texanus Knull, 1946:254; Linsley, 1963:22; Hovore and Giesbert, 
1976:355 (habits); MacKay, Zak, and Hovore, 1987:363 (habits). NEW SYN¬ 
ONYMY. 

Male. — Form moderate sized, elongate; integument moderately shining, black, 
with femora at least partially red, head, pronotum, and underside black or red. 
Head moderately short, moderately coarsely, irregularly punctate; antennae sur¬ 
passing elytral apices by 2 or 3 segments in large specimens, somewhat less in 
smaller specimens, segments 3-7 or 8 spined at apices. Pronotum about as long 
as broad, sides moderately rounded, widest at or behind middle; surface of disk 
sparsely, irregularly, moderately coarsely, shallowly punctured, nearly glabrous, 
with a few long erect pale hairs at sides; prosternum with punctate patches wide, 
subrectangular, separated in middle by a sometimes obscure impunctate, rugose 
ridge; prothorax often more densely punctate laterally. Elytra about 2% times as 
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long as width across humeri, sides feebly tapering, apices sinuately emarginate- 
truncate, angles strongly dentate. Abdomen with lateral pubescence fine, pale, 
silky, recumbent. Length, 7-13 mm. 

Female.— Similar to male, antennae slightly shorter than body, with segments 
3-8 or 9 spined at apices. Prosternum with punctate patches obsolete, feebly 
rugose and obscurely punctate. Length, 7-15 mm. 

Type locality. — Of sobrius : North America; amabilis : Mexico; subtilis : San Ge- 
ronimo, Guatemala; lepidus : Arizona; basicornis : Tiburon I., Gulf of California; 
arizonicus : Globe, Arizona; blairi: Tejupilco, Mexico; rossi : San Domingo, Lower 
California; piceus : Davis Mts., Texas; texanus : Davis Mts., Texas. 

Range.— Southwestern U.S., to Baja California, throughout Mexico to Guate¬ 
mala (Fig. 6). 

This complex and variable species consists of many populations that have been 
given names in the past and a large number of specimens of these various phe¬ 
notypes have been examined in this study. S. blairi, S. basicornis, and S. rossi 
are populations of smaller average size, but do not seem to be otherwise distinct 
from small specimens of other populations. Other characters used to separate 
some of these species, such as antennal length, appear to be allometric. Although 
all of the specimens examined have at least a portion of the femora reddish, 
integumental color of the body ranges from all black to reddish with black elytra, 
with the degree of melanism apparently random in many populations. In the 
southwestern United States and northern Mexico more than half of specimens 
have red pronota; but toward the southern part of the range, melanism appears 
to increase, with about 80% of specimens from southern Mexico black with only 
the femora red. The shape of the male prosternal punctate impressions appears 
to vary from oval, as in some of the smaller specimens from Arizona and northern 
Mexico (and one of the paratypes of S. basicornis ), to large and quadrate, with 
southern Mexican and Guatemalan populations tending to have the dividing ridge 
less distinct. An area of very fine, dense punctures and pubescence on the lateral 
surface of the prothorax also occurs commonly in the more southern populations. 
The above synonymies are based on the observation of clinal, allometric, and 
random melanic differences between populations and individuals in what appears 
to be a single, widespread, and variable species. In Texas and New Mexico this 
species has been reared from Prosopis, and from Celt is and Cercocarpus in Arizona. 
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Abstract. — Nine specimens of Paraponera clavata were collected on Barro Col¬ 
orado Island, Panama, and their mouthparts studied using scanning electron 
microscopy. Structures of the mouth that enable P. clavata to form and carry 
visible droplets of nectar were characterized; including the mandibles, labrum, 
stipetes, and glossae. The glossae were photographed and analyzed. The scanning 
electron micrographs in this study of the intact mouthparts of P. clavata are 
important additions to earlier morphological studies of the mouthparts of P. clavata 
that utilized light microscopy and line drawings. 


Paraponera clavata (Fabricius) is a large tropical ponerine ant which harvests 
nectar from the forest canopy and returns it to the nest suspended as a droplet 
between its mandibles (Bennett and Breed, 1985; Hermann, 1975; Janzen and 
Carroll, 1983; McCluskey and Brown, 1972; Young and Hermann, 1980). Only 
two other species of ponerines, Ectatomma ruidum and E. odontomachus, are 
known to collect a liquid food source (Breed and Bennett, 1985). P. clavata 
therefore, departs from the typical ponerine condition of entomophagous feeding. 

Anatomical and comparative descriptions of mouthparts of insects have been 
reported by Crampton (1923, 1928), Huxley (1878), Janet (1899, 1904, 1905), 
Liu (1925) and more recently by Duporte (1967), Snodgrass (1956), and Steinmann 
and Zombori (1981). Comparative descriptions of the mouthparts of ants have 
been made by Bugnion (1924, 1925, 1930), Eisner and Happ (1962), Marcus 
(1944), and Matsuda (1965). Such anatomical and morphological studies, which 
required a light microscope, drawing tubes, patience, and artistic skill, provided 
drawings which serve as important references for systematic classification. How¬ 
ever, such drawings required a substantial time investment and the results relied 
heavily on the skill and the scientific insight of the worker. 

Gotwald (1969) described the mouthparts of P. clavata in his comparative study 
of the mouthparts of 104 species of ants. His drawings depicted the dissected 
mouthparts as they appear when flattened under a glass coverslip. Although Got- 
wald’s study was excellent, it was not intended to give a comprehensive charac¬ 
terization of P. clavata mouthparts and was somewhat limited by the line drawing 
technique he used. Hermann et al. (1984) conducted a comparative study of the 
anatomy and chemistry of the mandibular gland in P. clavata and Dinoponera 
grandis. They limited their diagrams of P. clavata and D. grandis strictly to the 
mandibular venom glands and sting apparatuses. 

Cromroy et al. (1987), Harrison (1987), and Szlzytko and Bottorf (1987) have 
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used scanning electron microscopy (SEM) extensively to characterize several new 
species of insects and arthropods. Michener and Brooks (1984) used SEM in a 
taxonomic study that examined the proboscides of 290 species of bees, and Peng 
and Marston (1986) studied the honey bee proventriculus with SEM. Nelson and 
Baumann (1987) used SEM to characterize the male terminalia of stoneflies. 
Erickson et al. (1986) bypassed traditional methods of studying insect anatomy 
and did a complete anatomical study of the honey bee using SEM. 

In this study we characterize the intact mouthparts of P. clavata with high 
resolution and magnification using scanning electron microscopy, and discuss 
those features that aid in droplet formation and suspension. 

Methods 

Specimens of P. clavata used for this study were collected on Barro Colorado 
Island, Panama, and preserved in 70% ETOH. Techniques used in preparing the 
ants for scanning electron microscopy closely followed those of Nelson and Bau¬ 
mann (1987). Heads of the ants were dissected in 95% ETOH and the mandibles 
pried open. The heads were dehydrated in a series of three 10-min absolute ethanol 
washings, followed by three 10-min washings in anhydrous acetone. Dehydrated 
specimens were critical point dried in a Sorvall critical point drying apparatus 
using C0 2 , mounted on aluminum studs with double-sided tape, and coated with 
gold using a Polaron gold-coating apparatus. Charge of the specimen was reduced, 
and conduction between the specimen and the stud was increased, by adding a 
droplet of liquid silver to the base of the head at the point of specimen-stud 
attachment. Scanning electron micrographs were taken with an AMRay 1000 
scanning electron microscope. 

Results and Discussion 

SEM is rapidly replacing the line drawing technique as the preferred method 
for conducting morphological and anatomical studies of new species, or adding 
to the characterizations of previously described species. A comparison of Erickson 
and his colleagues’ (1986) SEM study of the anatomy of the honey bee, and a 
similar line drawing study conducted by Snodgrass (1956), revealed some benefits 
of SEM. Erickson’s micrographs of the honey bee were clear and concise. The 
high magnification, high resolution, and depth of field of SEM enabled Erickson 
to characterize honey bee morphology more precisely. 

Similarly, SEM used in this study provided high resolution, and high magni¬ 
fication micrographs of intact P. clavata mouthparts, that enhanced the morpho¬ 
logical detail provided earlier by Gotwald (1969). Figures 1 and 2 show the intact 
mouthparts as they appear in relation to each other. The mandibles gently curve 
over the intact maxillo-labial apparatus, forming an umbrella-like shield. The 
articulation of the mandibles is dorso-ventral and the mandibles are able to move 
in one plane only, toward and away from the median longitudinal axis of the 
body (Matsuda, 1965). When closed, the mandibles overlap each other with the 
right mandible most often overlapping the left. Medially directed setae line the 
ventral side of the mandible (Fig. 3). The mandible is relatively broad and long 
in comparison to other ants (Gotwald, 1969), with a curving-cupping shape. Short 
spine-like setae also line the immediate inner edge of the distal side of the mandible 
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Figures 1-4. Mouthparts of Paraponera clavata with mandibles (m), ventral side (vs), distal side 
(ds), point (p), and base (b) labeled. 1. Right mandible and maxillo-labial apparatus, lateral view (bar 
= 1.6 x 10 -3 m). 2. Mandibles and maxillo-labial apparatus, ventral view (bar = 1.6 x 10~ 3 m). 3. 
Right mandible, ventral view (bar = 4.5 x 10 -4 m). 4. Right mandible, dorsal view (bar = 4.7 x 
10- 4 m). 
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(Figs. 3,4). The distal side and ventral side of the mandible converge forming a 
sharp point (Figs. 3, 4). The base of the mandible is heavy and rounded. The 
circular curvature of the mandible is pronounced (Figs. 3, 4). Prominent features 
of the maxillo-labial apparatus are the stipes, maxillary palpi, labial palpi, galea, 
and the premental shield (Figs. 5, 6). The maxillo-labial apparatus is supported 
ventrally by the hypostomal bridge. The glossa can be retracted inward toward 
the hypostoma, leaving a folded indentation between the maxillary and labial 
palpi. Four characteristic prominent setae extend ventrally from the premental 
shield. 

A dorsal view of the maxillo-labial apparatus is shown with the glossa retracted 
(Fig. 7) and extended (Fig. 8). Prominent features of the maxillo-labial apparatus 
are the labrum, galea, lacinial gonia, and stipes. The maxillo-labial apparatus is 
supported dorsally by the clypeus. The labrum is medially cleft forming two 
distal margins, and is lined on the distal edge with setae. The proximal edge of 
the lacinial gonia is also lined with setae, forming the lacinial comb. 

A ventral view of the maxillo-labial apparatus is shown in Figure 9, with the 
glossa extended, and the mandibles partially open. The glossa protrudes forward 
and downward and is flanked by the galea (Fig. 10). At lower magnifications, the 
glossa is ridge-like and raspy. Stout, rounded setae form symmetrically parallel 
horizontal lines. The distal edge of the glossa is lined with a ridge of modified 
setae, narrow at the base and sharp at the tip. 

The intricate detail of the glossal setae is apparent at higher magnification (Fig. 

11). The setae are flat, widening at the end with curved, cup-like tips. The cup¬ 
like tips curve upward toward the hypostoma. The glossa is flanked by the subglos- 
sal brush (Fig. 12) which consists of thin, pointed, feather-like setae, in overlapping 
layers. The pointed, feathery setae of the subglossal brush sharply contrast with 
the rounded cup-like glossal setae. 

Mouthparts which probably permit P. clavata to transport bubbles of nectar or 
other liquids are the mandibles, labrum, stipes, and glossa. Young (1977) and 
Young and Hermann (1980) studied the foraging habits of P. clavata and reported 
that P. clavata used its mandibles to feed on the plant species Ochroma lagopus 
by biting into a thin red line of tissue that ran along the ventral side of each 
petiole. After several minutes, the ant carried away a large droplet of clear liquid. 
Paraponera clavata also fed on Eupatorium by using its mandibles to scrape a 
yellowish tissue from the edges of older leaves where they join the petioles. Biting 
and scraping tissue to obtain liquid is probably aided by the adaptive sharp point 
located at the area where distal and ventral sides of the mandible join. The 
curvature and cradling effects of the mandibles, the setae which line the ventral 
and dorsal sides of the mandible, and the increased overall length and width of 
the mandible, help to form, suspend, and protect the droplet of liquid when being 
harvested and transported. It is also clear that the mandibles work in concert with 
the labrum and stipetes to suspend liquid food sources. 

The labrum and stipes form a flattened surface ventrally. The labrum is a flat, 
plate-like organ which can move proximal or distal with respect to the hypostoma; 
the stipes move laterally or medially with respect to the mid-line. The labrum 
and stipes, when extended fully, greatly increase the breadth of the maxillo-labial 
structure. McCluskey and Brown (1972) noted that P. clavata can agitate a droplet 
of sucrose for 40 min without significant reduction of the size of the droplet. Such 
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Figures 5-8. Mouthparts of Paraponera clavata with stipes (s), hypostomal bridge (hb), labial 
palpi (lp), maxillary palpi (mp), galea (ga), premental shield (ps), glossa (g), clypeus (c), labrum (1), and 
lacinial gonia (lg) labeled. 5. Maxillo-labial apparatus, glossa retracted, right lateral view (bar =4.5 
x 10~ 4 m). 6. Maxillo-labial apparatus, glossa retracted, ventral view (bar = 4.5 x 10~ 4 m). 7. Maxillo- 
labial apparatus, glossa retracted, dorsal view (bar = 5 x 10 -4 m). 8. Maxillo-labial apparatus, glossa 
extended, dorsal view (bar =3.3 x 10 _4 m). 
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Figures 9-12. Mouthparts of Paraponera clavata with glossa (g), mandibles (m), and galea (ga) 
labeled. 9. Maxillo-labial apparatus, glossa extended, ventral view (bar = 5 x 1(U 4 m). 10. Glossa 
andgaleal crowns (bar = 1.3 x 10~ 4 m). 11. Glossa ultrastructure (bar = 4.2 x 10 -6 m). 12. Subglossal 
brush (bar = 8.9 x 10 -6 m). 


agitation is most likely due to the labrum and stipetes moving in concert with 
the labial palpi. 

The glossa (analogous to the tongue) is reported by Gotwald (1969) as a pro- 
trusible membranous structure covered with a series of transverse ridges. Gotwald 
commented on the difficulty he had in preparing the glossa for study and his 
drawings reflect that difficulty in the lack of morphological information about the 
glossa. The SEM photographs in this study clearly show the glossa of P. clavata 
to be much more intricate than previously supposed. The highly modified cup¬ 
like setae, previously thought to be simply membranous ridges, appear to con¬ 
tribute significantly to P. clavata’s ability to harvest and transport liquid food 
sources. The glossa’s intricate and complex structure increases the total surface 
area available for liquid-surface interaction, and its numerous cupped setae are 
specifically advantageous for the gathering and retention of liquid food sources. 
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The career of one of America’s notable hemipterists, Peter D. Ashlock, closed 
on 26 January 1989 when he died of heart failure after several years of declining 
health. He was a professor of Entomology at the University of Kansas, Lawrence, 
a curator in the Snow Entomological Museum, and a part-time appointee to the 
Department of Systematics and Ecology. He was a recognized authority on Ly- 
gaeidae, or seed bugs, and was a seminal contributor to biological systematics, 
with 50 published works and several more in press at the time of his death. He 
often disagreed with both numerical phenetecists and cladists, adhering most 
closely to the philosophy of evolutionary systematics of Ernst Mayr, and had just 
completed a chapter for a revision of Mayr’s 1969 “Principles of Systematic 
Zoology.” 

Pete (as he was known to friends and colleagues) was born on 22 August 1929 
in San Francisco, and became interested in insects as a boy. He received his B.S. 
in Entomology from the University of California (Berkeley) in 1952, then served 
two years in the army as an ecological entomologist at the Dugway Proving 
Grounds in Utah, followed by studies with Prof. James A. Slater at the University 
of Connecticut where he earned his M.S. degree. While at Storrs he met Virginia 
(“Jinny”) Harris and they were married at Greensboro, North Carolina in June 
1956. Pete entered a doctoral program at Berkeley that fall, but interrupted those 
studies to work for two years (1958-1960) with the Entomology Research Division 
(USDA) at the National Museum of Natural History in Washington, D.C. There 
he did routine identifications and developed the Hemiptera collections, but also 
took course work at the University of Maryland. In 1960 he returned to Berkeley 
to study with Prof. R. L. Usinger for three more years. Bob and Pete became close 
friends, and together they sailed on the Golden Bear to participate for three months 
in the 1964 Galapagos International Scientific Project to the Galapagos, Ecuador 
and Cocos Island. 

From 1964 to 1966 Pete was curator of Hemiptera at the Bernice P. Bishop 
Museum in Honolulu. While there he collected on all major Hawaiian Islands 
and travelled to Laos, Vietnam, Thailand and Japan. In 1966 he was awarded 
the Ph.D. degree from the University of California. When Prof. Slater took a 
sabbatical leave from the University of Connecticut for the 1967-1968 academic 
year, Pete took leave from the Bishop Museum to replace him, teaching ento¬ 
mology and systematics. In 1968 the Ashlocks made their last move, to the 
University of Kansas. He attained full professor rank in 1981, and held a half¬ 
time appointment as curator in the Snow Entomological Museum. He had planned 
to retire in May 1989 to Tomales Bay, California to continue his studies on 
Lygaeidae. 
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In addition to his membership in the Pacific Coast Entomological Society, he 
was a member of the Entomological Society of America, Society of Systematic 
Zoology, Entomological Society of Washington, the Kansas Entomological So¬ 
ciety, the American Society of Plant Taxonomists, and Sigma Xi, as well as a 
research associate of the Bishop Museum. On the more whimsical side, he was 
an enthusiastic member of the International Wizard of Oz Club. 

Although not an avid field worker, Pete went abroad several times and was 
particularly fond of recalling adventures from his NSF supported expedition to 
Tahiti and the Marquesas where he travelled in part by sailboat, searching for 
lygaeids that he hoped would help explain Pacific Basin biogeography. He con¬ 
tinually searched for new ways to unlock biogeographical and systematic puzzles, 
and his excitement was evident when he made a significant new discovery. 

He was a quiet man who shunned most social activities, informal in dress and 
manner, and given to a degree of professorial disorder and forgetfulness. He was 
a scientist of integrity, patient with his graduate students and proud of their 
accomplishments. Pete was a kind and gentle person with many lasting friendships, 
and was a devoted husband and father. He is survived by his wife, two sons, 
Daniel and Joseph, and a granddaughter. A memorial service was held on 1 
February at the University of Kansas. 
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A New Species of Pison Jurine from Baltic Amber 
(Hymenoptera: Sphecidae) 

Alexander V. Antropov and Wojciech J. Pulawski 

(AVA) Zoological Museum, Moscow State University, Herzen Street 6, Moscow 
103009, U.S.S.R.; (WJP) Department of Entomology, California Academy of 
Sciences, Golden Gate Park, San Francisco, California 94118, U.S.A. 


Abstract. —Pison electrum, a new species from Baltic amber characterized main¬ 
ly by a notched mandible and second recurrent vein ending on submarginal cell 
III, is not closely related to any of the extant species. 


Two species of fossil Pison are currently known: cockerellae Rohwer, 1908, 
from the shale beds of Florissant, Colorado, and oligocenum Cockerell, 1908, 
from Baltic amber (synonym: Pison oligocaenum Cockerell, 1909). A third species, 
also from Baltic amber, is described below. All three are approximately the same 
age, Lower Eocene to Lower Oligocene (Florissant shale beds, once thought to be 
Miocene, are now regarded as Lower Oligocene; see Wilson, 1978, for further 
references). Alexander Antropov studied the holotype of cockerellae, but the ho- 
lotype of oligocenum, presumably lost with most of the Konigsberg collection at 
the end of World War II, was not available. The morphological terminology 
follows Bohart and Menke (1976), but the upper and lower interocular distances 
as well as ocellocular distance are defined as in Menke (1988:9). The mandibular 
terms are based on Michener and Fraser (1978): 

adductor ridge: starts at the adductor swelling near the mandibular base (on the 
concave face) and extends toward the mandibular apex; in Pison, it becomes 
visible on the outer surface before the mandibular midlength, extends almost 
to the apex, and constitutes the posterior margin between the convex and 
concave faces; 

condylar ridge: extends distad from the mandibular condyle and constitutes the 
margin between the convex (external) and the concave (internal) mandibular 
faces; in Pison, it extends to less than mandibular midlength (the condylar ridge 
should not be confused with an additional ridge which we call admarginal ridge; 
the latter runs parallel to the posterior mandibular margin, comes in close 
contact with the condylar ridge, but does not continue to the mandibular base). 

The specimen was examined under a stereomicroscope in a sugar solution rather 
than immersion oil in order to minimize the possibility of damage. 

Pison electrum Antropov and Pulawski, New Species 

(Figs. 1-8) 

Derivation of name. —Electrum, Latin for amber, noun in apposition. 

Material examined.— A superbly preserved specimen in Baltic amber from 
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Figures 1, 2. Photographs of amber sample. 1. Dorsally. 2. Ventrally. 
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Figures 3, 4. Pison electrum, drawings. 3. Dorsally. 4. Ventrally. 


Hiddensee Island in the German Democratic Republic, a gift from Joachim Oehlke 
to Wojciech Pulawski circa 1975 (holotype, California Academy of Sciences, 
Entomology Type #16465). 

Mineralogical analysis and age.— Using infrared analysis, S. Savkevich deter¬ 
mined that the amber specimen was succinite, thus confirming its Baltic origin. 
Succinite is the commonest form of amber along the southern coast of Baltic and 
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western Frisean islands, extending west as far as Great Britain. Its age is Lower 
Eocene to Lower Oligocene, with most material believed to be Upper Eocene 
(e.g., Savkevich, 1970). 

Generic characters. — The overall body shape, emarginate orbits, and wing ve¬ 
nation indicate that the specimen is either a Pison or a Pisonopsis, but the acutely 
angulate marginal cell, absence of sternal graduli, and mandible noncarinate be¬ 
tween the abductor swelling and apex of condylar ridge exclude the latter genus. 

Comparison with fossil species. — Most taxonomically important characters (in¬ 
cluding the mandible) were not described in oligocenum and are not visible in 
the holotype of cockerellae. Although poorly preserved, the holotype of cockerellae 
clearly differs from electrum in having coarse, dense scutal punctures (punctures 
less than one diameter apart, puncture diameter about 0.3-0.5 x ocellar diameter) 
and the propodeal dorsum with many oblique ridges extending from the median 
carina. In electrum, the scutum is practically impunctate, and the propodeal dor¬ 
sum has sparse ridges that extend obliquely from the base (ridges short except 
median carina long). In addition, the foremargin of the third submarginal cell 
equals 0.5 of the hindmargin in electrum but only 0.15 in cockerellae (however, 
the length of the foremargin is individually variable in extant species, and the 
difference is probably meaningless). 

Both of Cockerell’s descriptions (1908, 1909) of oligocenum seem totally in¬ 
adequate at first, but one detail is significant. Cockerell notes that the “basal 
nervure falls about 100 n short of transversomarginal,” which we interpret as the 
forewing vein M being 100 jum closer to the wing base than crossvein cu-a (such 
a position is also found in some extant species, e.g., esakii Yasumatsu). In electrum, 
M diverges slightly distad of cu-a, a significant difference. Further differences 
(possibly individual rather than specific) can also be gleaned from the description. 
Expressed as a fraction of the marginal cell length, vein cu-a is 0.21 in oligocenum 
and 0.14 in electrum, the basal side of the first submarginal cell is 0.13 and 0.22, 
respectively, and the distance between lr-m and 2m-cu is 0.05 and 0.12. Finally, 
the length of flagellomere X is 1.06 x length of flagellomere I in oligocenum and 
0.87 in electrum. 

Comparison with extant species.—O ne striking feature of Pison electrum is the 
emarginate mandible (see Description for details). Mandibles are entire in most 
extant Pison, but the same shape as in electrum in two species groups from the 
Neotropical Region. Members of these groups have distinctive pronotal structures 
(Menke, 1988): either a polished, plate-like area anteromesally (convexifrons group) 
or the foremargin expanded into a free lamella (pilosum group). The anteromesal 
portion of the pronotum is hidden in electrum, but there is no free lamella like 
that found in the pilosum group. In addition, electrum departs from these Neo¬ 
tropical species in four other characters: clypeal lobe short (Fig. 6), clypeal setae 
short, propodeal dorsum obliquely ridged (except apically), and second recurrent 
vein ending on submarginal cell III (an arrangement also found in cockerellae, 
oligocenum, and some extant species such as insigne Sickmann). In the convexi¬ 
frons and pilosum groups, the clypeal lobe is longer; the lower half of the clypeus 
has long, somewhat decumbent setae that project over clypeal margin to form a 
brush; the propodeal dorsum has punctures only or punctures plus a median 
carina or ( convexifrons group) oblique carinae basally and transverse carinae api¬ 
cally; and the second recurrent vein ends on submarginal cell II (interstitial with 
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Figure 5. Pison electrum, photograph at a higher magnification. 


lr-m in some members of the convexifrons group). Other distinctive features of 
electrum are: propodeal side not delimited dorsally by carina (carina present in 
convexifrons group), metapleural flange narrow (broad in pilosum group). 

The mandible is somewhat similar in Pison n. sp., Pulawski, 1989, from Papua 
New Guinea, but in that species the distal end of the condylar ridge is rectangular, 
markedly less prominent than in electrum or the convexifrons and pilosum groups, 
and the adductor ridge is straight (not expanded) in the distal half. Consequently, 
the posterior mandibular margin is stepped rather than notched. 

Description. — 9: Head nearly round in frontal view (Fig. 6), width 1.08 x height. 
Labrum quadrangular, free margin entire. Posterior mandibular margin emargin- 
ate (Fig. 7), emargination contained between the prominent, acutely angulate apex 
of the condylar ridge and the roundly expanded distal portion of the adductor 
ridge; inner margin and posterior face hidden. Clypeal free margin arcuate, with 
obtuse median projection (Fig. 6). Occipital carina interrupted ventrally, separated 
from hypostomal carina by a distance equal to length of apical article of maxillary 
palpus. Frons without median sulcus, moderately convex beneath midocellus (as 
in most other Pison). Vertex slightly depressed, lower than top of eye. Eye asetose. 
Upper interocular distance 0.4 x lower interocular distance. Ratio of hindocellar 
diameter, ocellocular distance, and interocellar distance = 1:0.2:0.8. Flagellomeres 
longer than wide; length of I 1.7 x width, of X 2.0 x width. Head with minute 
setae (length about V 6 of hindocellar diameter) that emerge from microscopically 
fine punctures. Pronotal foremargin partly hidden but appearing modified; an- 
teromesal portion with transverse pit that is margined behind by transverse ridge. 
Propleuron finely, uniformly punctate throughout. Pronotum, scutum, and scu- 
tellum with nearly contiguous micropunctures and semi-erect microsetae. Lateral 
margin of scutum with upturned flange along tegula. Scutellum with transverse, 
longitudinally crenulate sulcus basally. Mesopleuron and mesothoracic venter 
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Figures 6-8. Pison electrum, drawings. 6. Head. 7. Mandible. 8. Forewing. 


finely, evenly punctate (punctures about one diameter apart). Epistemal sulcus 
incomplete, not reaching mesopleural foremargin. Metapleural flange narrower 
than ocellar diameter. Propodeum with no lateral carina or foveolate shelf between 
dorsum and side; dorsum with median carina and six to eight finer oblique ridges 
on each side; propodeal side shiny, punctures one to three diameters apart, dorsally 
and laterally with well-defined ridges; hindface not carinate. Tegula adjacent to 
scutum finely, densely punctate and with microscopic setae but impunctate on 
outer half. Forewing hyaline except infumate along foremargin, with three sub¬ 
marginal cells; media diverging from M + Cu slightly distad of crossvein cu-a; 
marginal cell acute apically, extending well beyond vein 2r-m, submarginal cell 
II petiolate, its height greater than petiole length; first recurrent vein interstitial 
with lr-m; second recurrent vein received by submarginal cell III (at x h of cell’s 
length). Hamuli of hindwing divided into two groups (basal group of five or six 
hooks, distal group of six hooks). Legs of usual shape, finely setose. Hindcoxal 
dorsum without outer carina (inner carina concealed by femora on both legs). All 
tibiae with short, sparse spines on outer side (spines largest on hindtibia), and 
similar but finer spines present on tibial apex and tarsomeral venter. Tarsomeres 
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I-IV with one outer and one inner spine apically; spines short; tarsomeres II-IV 
with plantulae. Gaster sessile, not constricted between terga I and II, tergum I 
not humped posteriorly; pygidial plate absent; sternum I almost flat, not carinate 
laterally. Terga nonfasciate apically, with appressed, microscopic setae that emerge 
from fine, inconspicuous punctures (punctures dense, evenly spread). Sternal punc¬ 
tures larger, particularly on sterna V and VI apically; sterna II-V with apical row 
of long, sparse, erect setae, sternum VI with similar setae mesally and apically. 
Body length 9.3 mm (amber sample 18.3 x 16.2 x 6.0 mm). Body black, terga 
without yellow markings. 

S: Unknown. 

Relationships. —Reconstructing the relationships of electrum to other Pis on 
largely depends on how one interprets the notched mandibles in Trypoxylini. If 
the notch is ancestral, then electrum is close to the ancestral stock of Pison. If the 
notched mandible is derived, then the notch appears to be a synapomorphy linking 
electrum to the Neotropical convexifrons and pilosum groups. Yet electrum lacks 
the other apomorphies that define these groups (the lateral propodeal carina of 
the convexifrons group, the pronotal lamella of the pilosum group), and thus it 
cannot be placed in either. Possibly, the mandibular notch was acquired inde¬ 
pendently in several lineages of Pison, as the example of nogorombu seems to 
suggest. 
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Sericophorus rhinoceros, a New Species from New Caledonia 

(Hymenoptera: Sphecidae) 

WOJCIECH J. PULAWSKI 

California Academy of Sciences, Golden Gate Park, San Francisco, California 
94118. 


Abstract.— The genus Sericophorus, previously known from Australia, Tas¬ 
mania, and New Guinea, is first recorded from New Caledonia, where it is rep¬ 
resented by an undescribed species, Sericophorus rhinoceros. This species has a 
unique, horn-like projection on the female clypeus, and subsidiary recognition 
features are: elongate basal ridges and spiracle bearing prongs on tergum I and 
large projection of sternum I. 


The genus Sericophorus is currently known from Australia, Tasmania, and New 
Guinea (Bohart and Menke, 1976), but an unusual new species from New Cale¬ 
donia was discovered at the Bishop Museum, Honolulu, Hawaii, during my visit 
in November 1988. The species is described below. 

Sericophorus rhinoceros y New Species 
(Figs. 1-6) 

Name derivation. — Rhinoceros is derived from two Greek words, rhis (rhinos), 
a nose, snout, beak, bill; and keros, a horn; with reference to the particular clypeal 
structure of the female of this species. 

Diagnosis.—Sericophorus rhinoceros is the only known representative of the 
genus in New Caledonia. It has a unique female clypeus: the disk with a large, 
horn-like projection, and the free margin of the lobe not dentate (Figs. 1, 2). The 
presence of two conical, spiracle bearing projections on tergum I (Figs. 3-5) is 
shared only with Sericophorus sericeus (Kohl) from South Australia (Bohart and 
Menke, 1976:301), although a similar structure, a pair of small tubercles on tergum 
I, is found in Sericophorus flavofasciatus (R. Turner) from Queensland (Hacker 
and Cockerell, 1922). The elongate basal ridges of tergum I are also distinctive, 
and so is the slit-like spiracle of tergum I and the expanded sternum I (a new 
species from Papua New Guinea being described by Arnold Menke also has a 
slit-like spiracle and a conspicuous but differently shaped, hook-like sternal prom¬ 
inence). 

Description. — Sericophorus rhinoceros has all diagnostic characters of the genus 
discussed by Menke (1977): forewing with three nonpetiolate submarginal cells, 
occipital carina joining hypostomal carina, and female pygidial plate setose. Other 
characters, common to the known species of Sericophorus (Bohart and Menke, 
1976:299) and also found in rhinoceros, are: inner orbits converging above (Fig. 
1); clypeal free margin with broad median lobe (Fig. 2); labrum broad, short, not 
protruding beyond clypeal free margin; inner mandibular margin with two sub- 
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Figures 1-6. Sericophorus rhinoceros, a new species, female. 1. Head frontally. 2. Head laterally. 
3. Gastral segment I laterally. 4. Tergum I dorsally. 5. Prong of tergum I from above. 6. Prong of 
tergum I from the side showing slit-like spiracle. 


basal teeth (Fig. 1); posterior mandibular margin shallowly notched (Fig. 2); 
mouthparts not elongate; antennae clavate; collar short; admedian lines well sep¬ 
arated; propodeum short, dorsal enclosure not delimited; female tergum VI with 
densely setose pygidial plate (lateral carina of plate present on less than apical 
half of tergum); legs short, stout; midcoxae separated, hindcoxae contiguous; 
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hindtibia spinose, including dorsal row of spines; foretarsus with rake, forebasi- 
tarsus with six preapical rake spines whose length is about equal to basitarsus 
width; tarsomeres V inflated, arolium large; second submarginal cell four-sided, 
receiving second recurrent vein; first recurrent vein received by submarginal cell 
I; hindwing jugal lobe about as long as 0.4 of anal cell. 

The following characteristics place rhinoceros in the subgenus Zoyphidium (Bo- 
hart and Menke, 1976:301): marginal cell sharply pointed (not truncate); pro- 
podeum without carina between dorsum and side, dorsum with longitudinal, 
noncarinate impression; and forewing media diverging from Cu + M before cu-a. 

Specific characters of rhinoceros are the following: 

9: Free margin of clypeal lobe broadly, evenly concave, without lateral teeth 
(Fig. 1); clypeal disk with large, hom-like prominence (Figs. 1, 2). Frons without 
median swelling. Dorsal length of flagellomere I about 1.3 x maximum width; 
flagellomere IX as wide as long on the outer side but markedly wider than long 
on the inner side; length of flagellomere X about 2.2 x basal width. Pronotum 
not emarginate mesally. Notauli and scutellar prominence absent. Propleuron 
concave anteromesally, with prominent anterolateral comer but not tuberculate 
posterolaterally. Scutum and mesopleuron minutely punctate. Scrobal sulcus a 
shallow, ill-defined impression. Propodeal dorsum shiny, minutely punctate; side 
and hindface (except hindface mesally) microsculptured, dull, minutely punctate. 
Gastral terga finely punctate. Tergum I with a pair of basal ridges that extend 
almost to tergal midlength, and with conspicuous, conical prominence between 
each ridge and laterotergite (Figs. 3-5); spiracle slit-like (Fig. 6). Sternum I with 
conspicuous bulge (Fig. 3); bulge broad in ventral view. Length 13 mm. 

Vestiture short; setae appressed on vertex, on scutum about 0.3 x midocellar 
diameter. 

Body black, but the following are brown reddish: distal half of mandible, flag- 
ellomeres IV-X ventrally, and foretibial venter and inner face. Wings infumate 
except nearly hyaline basally. Frontal vestiture silvery with golden tinge. 

6: Unknown. 

Material examined. — Holotype: 9, New Caledonia: Mt. Koghi, 400-600 m, 
February 1973, H. L. H. Krauss (Bernice P. Bishop Museum, Honolulu, Hawaii). 
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Late Quaternary and Modern Arthropods from the 
Ajo Mountains of Southwestern Arizona 

W. Eugene Hall, Carl A. Olson, and Thomas R. Van Devender 

(WEH, CAO) Department of Entomology, University of Arizona, Tucson, Ar¬ 
izona 85721; (TRVD) Arizona-Sonora Desert Museum, 2021 N. Kinney Rd., 
Tucson, Arizona 85743. 


Abstract. —Fossil and modem arthropods were studied in the Ajo Mountains 
of Organ Pipe Cactus National Monument, Pima County, Arizona. A total of 203 
arthropod taxa were collected in rocky desertscrub habitats in Alamo Canyon 
using various techniques. Five species were new for Arizona; six were significant 
range extensions. This typical Sonoran Desert fauna has strong affinities to the 
southwestern United States (53.6%) and Mexico (49.3%), especially the Baja Cal¬ 
ifornia Peninsula (29.0%), with a number of Arizona endemics (13.8%). 

Excluding contaminants, 54 arthropod taxa in 26 genera and 16 species were 
identified from 10 fossil packrat (Neotoma sp.) middens ranging in age from 32,000 
to 1150 yr B.P. from 915 to 975 m elevation in the Ajo Mountains. About 70- 
85% of the taxa potentially occur in Alamo Canyon today although the estimates 
are high due to identifications to relatively high taxonomic levels. The arthropods 
of ice age woodlands in cool, wet climates were a mixture of extralocal and local 
species. Some of the extralocals survived well into the Holocene postglacial while 
others expanded their ranges during a relatively recent (1150 yr B.P.) wet period. 
Generally distributional changes in response to glacial climates were similar in 
arthropods and plants. However, the ranges of the long lived trees, shrubs, and 
succulents were much more dynamic and changes in community structure and 
composition in the plant communities were more easily seen due to species iden¬ 
tifications and detailed knowledge of the local flora. 


Well-preserved plant remains from ancient packrat (Neotoma sp.) middens have 
played an important role in reconstructing the history of vegetation and climate 
in the deserts of North America (Van Devender et al., 1987). Faunal remains are 
less common than those of plants but are associated with floral assemblages and 
radiocarbon dates. Small vertebrate remains from packrat middens have been 
studied for some areas including the Sonoran Desert in Arizona and California 
(Mead et al., 1983; Van Devender and Mead, 1978). 

Packrat middens are an exciting new source of fossil arthropods. In the Chi- 
huahuan Desert a few arthropod remains were reported in middens from the Big 
Bend of Texas (Ashworth, 1973) and the Fra Cristobal Mountains, New Mexico 
(Elias, 1987). Others were reported from Sonoran Desert middens including the 
tenebrionid Stibia tuckeri Casey (a darkling beetle) from a 14,400-yr B.P. (radio¬ 
carbon years before 1950) sample from the Kofa Mountains of Arizona (Ashworth, 
1976; Morgan et al., 1983). Ptinus priminidi Spilman (Ptinidae), was described 
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from middle and late Wisconsin middens from the Whipple Mountains of Cali¬ 
fornia, and the Artillery and Kofa mountains of Arizona (Spilman, 1976). Hall 
et al. (1988) presented fossil records of 50 arthropod taxa from 41 fossil packrat 
middens from 160 to 625 m elevation in the Tinajas Altas and Butler mountains 
of Arizona and the Hornaday Mountains and Sierra del Rosario of northwestern 
Sonora. Hall et al. (1990) summarized fossil records for 43 arthropod taxa from 
a 14,120-yr chronological series of 21 samples from 550 to 605 m elevation from 
the Puerto Blanco Mountains in Organ Pipe Cactus National Monument, Arizona. 
In this paper we present the arthropod remains from 10 packrat middens from 
two higher areas in the Ajo Mountains in the Monument. 

Sonoran Desert.— The Sonoran Desert is the arid and semi-arid subtropical 
area centered around the head of the Gulf of California in western Sonora, south¬ 
western Arizona, southeastern California, and much of the Baja California Pen¬ 
insula (Shreve, 1964; Fig. 1). Elevations range from below sea level in the Salton 
Sea Basin in California to about 1000 m in Arizona (Turner and Brown, 1982). 
All portions of the Sonoran Desert may occasionally experience freezing temper¬ 
atures although the duration is rarely more than a single night. Rainfall along an 
east-west gradient changes from a biseasonal regime with strong summer mon¬ 
soons in the eastern Sonoran Desert to a winter rainfall regime in Baja California 
and in the Mohave Desert in California. The hottest, driest North American 
deserts are in the Lower Colorado River Valley in Arizona and California (Cole, 
1986) and the Gran Desierto of northwestern Sonora (Ezcurra and Rodrigues, 
1986; Felger, 1980). 

Organ Pipe Cactus National Monument is a unique area in southwestern Ar¬ 
izona where a suite of subtropical Sonoran Desert plants including Stenocereus 
thurberi (Engelm.) Gibson and Horak (organ pipe cactus), Sapium biloculare (Wats.) 
Pax. (Mexican jumping bean), and Jatropha cinerea (Ort.) Muell. and J. cuneata 
Wiggins and Rollins (limber bushes) enter the United States (Bowers, 1980). 
Shreve (1964) proposed formal subdivisions of the Sonoran Desert which were 
refined by Turner and Brown (1982). The lower elevations in Organ Pipe including 
the Puerto Blanco Mountains midden sites at 550-605 m support Lower Colorado 
River Valley desertscrub communities. Dominants include Cercidium micro- 
phyllum (Torr.) Rose and Johnst. (foothills palo verde), Encelia farinosa Gray 
(brittlebush), S. biloculare, and S. thurberi (Van Devender, 1987; Hall et al., 
press). 

The Ajo Mountains rise to 1465 m elevation and support sparse chaparral/ 
relict woodland and desert-grassland. The Montezuma’s Head site is at 975 m 
on a steep west-facing slope just above the Stenocereus thurberi communities of 
the Arizona Upland. A single Juniperus erythrocarpa Cory (redberry juniper) is 
near the rockshelter. The Alamo Canyon site at 915 m is on an east-facing slope 
in a steep, rough mountain canyon. Stenocereus thurberi is abundant with occa¬ 
sional Carnegiea gigantea (Engelm.) B. and R. (saguaro) and a relatively dense 
subtropical scrub dominated by Simmondsia chinensis (Link) Schneid. (jojoba), 
Coursetia glandulosa Gray (samo prieto), Ambrosia cor difolia (Gray) Payne (So¬ 
noran bursage), and Dodonaea viscosa Jacq. (hop bush). The lowest woodland 
plants including Juniperus erythrocarpa, Quercus ajoensis C. H. Muell. (Ajo oak), 
and Vauquelinia californica (Torr.) Sarg. (Arizona rosewood) are just up canyon. 

Vegetation history. — The history of vegetation and climate for the last 40,000 
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Figure 1. Map of area discussed in text. Sonoran Desert in stipple after Shreve (1964). Solid 
triangles = packrat midden site. Ant = Pogonomyrmex barbatus Smith (harvester ant). 


yr has been reconstructed using plant macrofossils in packrat middens from the 
Sonoran Desert in Arizona and California (Van Devender, 1987; Van Devender 
et al., 1987). Organ Pipe Cactus National Monument has an exceptionally good 
packrat midden record. A series of 21 samples from 535 to 605 m elevation 
provide a record of the vegetation in the Puerto Blanco Mountains for the last 
14,120 yr B.P. (Van Devender, 1987). A late Wisconsin California juniper-Joshua 
tree woodland was displaced by a relict woodland dominated by Encelia farinosa 
and Acacia greggii Gray (catclaw), with low levels of Juniperus caiifornica and 
Carnegiea gigantea by 10,540 yr B.P. in the early Holocene. In the middle Ho¬ 
locene (8900-4000 yr B.P.), E. farinosa and C. gigantea grew on hot south-facing 
slopes with riparian trees and shrubs. The modem vegetation was established by 
about 4000 yr B.P. as A. greggii, Cercidium floridum Benth. (blue palo verde), 
and Prosopis velutina Woot. (velvet mesquite) were restricted to nearby washes 
and C. microphyllum and Stenocereus thurberi arrived in the area. The present 
vegetation and climate are as hot and dry as at any time in the record. 

Ten packrat middens from Montezuma’s Head and in Alamo Canyon provide 
a record of the vegetation for 915-975 m elevation in the nearby Ajo Mountains 
for the last 32,000 yr B.P. (Table 1). Plant remains in the Wisconsin samples 
record a mesic pinyon-juniper-oak woodland with Pinus monophylla Torr. & 
Frem. (single leaf pinyon), Juniperus scopulorum Sarg. (Rocky Mountain juniper), 
Quercus ajoensis, Artemisia tridentata Nutt.-type (big sagebrush), and Yucca brevi- 
folia Engelm. (Joshua tree) from 32,000 to at least 13,500 yr B.P. A xeric woodland 
with J. caiifornica Carr. (California juniper), J. erythrocarpa, and Q. ajoensis was 
present from 9585 to 8130 yr B.P. Carnegiea gigantea was present in these early 
Holocene woodlands although Stenocereus thurberi is much more common in the 



















Table 1. Radiocarbon ages for packrat middens yielding arthropods from 915 m elevation in Alamo Canyon (AC) and 975 m on Montezuma’s Head (MH) 
in the Ajo Mountains, Pima County, Arizona. 


Sample 

Age (yr B.P.) 

Lab. no. 

Material dated 

Paleovegetation 

AC 2C 

32,000 ± 4400 

A-2119 

Juniperus spp. twigs, seeds 

pinyon-juniper-oak woodland 

AC 2X 

29,110 ± 1100 

A-4985 

Neotoma sp. fecal pellets 

pinyon-juniper-oak woodland 

MH IB 

21,840 ± 650 

A-1696 

Pinus monophylla needles 

pinyon-juniper-oak woodland 

MH 1A 

20,490 ±510 

A-1695 

Juniperus spp. twigs, seeds 

pinyon-juniper-oak woodland 

AC IB 

14,500 ± 300 

A-2120 

Juniperus spp. twigs, seeds 

pinyon-juniper-oak woodland 

MH ID 

13,500 ± 390 

A-1698 

Juniperus spp. twigs, seeds 

pinyon-juniper-oak woodland 

AC 1U 

9910 ± 210 

A-2211 

Quercus ajoensis acorns, leaves 

juniper-oak woodland 


9230 ± 370 

AA-533 

Carnegiea gigantea seeds 



9570 ± 180 

av. A-2211 & AA-533 



AC 1A1 

8590 ± 470 

AA-539 

Carnegiea gigantea seeds 

oak-juniper chaparral 

AC 1A2 

8130 ± 370 

A-2209 

Neotoma sp. fecal pellets 

oak-juniper chaparral 


8130 ± 430 

AA-540 

Carnegiea gigantea seeds 



8130 ± 280 

av. A-2209 & AA-540 



AC 3 

1150 ± 240 

A-2120 

Juniperus erythrocarpa twigs, seeds 

Sonoran desertscrub/chaparral 
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area today. The rich floral assemblage in the 1150 yr B.P. sample from Alamo 
Canyon reflects the modem desertscmb near an isolated J. erythrocarpa although 
increased species richness probably indicates relatively greater rainfall than today. 

Methods 

Packrat middens are hard, shiny organic deposits that are preserved in dry 
rockshelters. Well-preserved plant fossils are excellent for radiocarbon dating 
allowing samples from local areas to be arranged in chronological sequences. 
Arthropod fossils from the Ajo Mountains middens were identified through com¬ 
parison with reference specimens in the University of Arizona Entomological 
Collection (UAZ) and will be deposited there. 

Taphonomy. —Twigs, leaves, and fruits are collected by packrats within about 
30 m of the rockshelters. Animal remains in the middens are mixtures of materials 
collected by the packrats, other rockshelter residents, and material transported to 
the rockshelter by predators. Most of the arthropod specimens found in midden 
samples are fragments of resident ground dwellers such as tenebrionid beetles, 
scorpions, and ants. Ryckman et al. (1981) provided a comprehensive bibliog¬ 
raphy of the commensals and parasites of Neotoma, including arthropods like the 
kissing bug ( Triatoma spp., Reduviidae). 

Although packrats have generalized diets and take animal protein on occasion, 
they are primarily herbivores and probably did not collect many of the midden 
arthropods, especially the very small ones, for food. We have seen occasional 
small fragments of beetle elytra inside Neotoma fecal pellets. Some arthropods 
were probably carried to the middens as adults on plant material collected by the 
packrat or as larvae within branches that emerged later. When packrats urinate 
on a midden or humidity in the air increases during rains, the surface can become 
a sticky trap for smaller residents. The abundance and relative completeness of 
spider beetles (Ptinidae) in the samples may be due to this process. 

Another source of arthropod remains in middens may be from the regurgitated 
pellets of raptorial birds or the scat of small mammalian predators such as Bas- 
sariscus astutus (Lichtenstein) (ringtail), Spilogale gracilis (Linnaeus) (spotted 
skunk), or Mephitis spp. (skunks). As pellets or scat disintegrate arthropod frag¬ 
ments can be incorporated into the accumulating midden. Arthropod remains 
from these sources may reflect greater sampling areas than more locally derived 
material. Arthropod predators such as spiders may account for some of the spec¬ 
imens as well. We have seen a web of Lactrodectus hesperus Chamberlain and 
Ivie (black widow spider) festooned with bee and fly carcasses hanging over a 
fossil midden in a rockshelter in the Waterman Mountains in the northeastern 
Sonoran Desert. 

By no means do the midden arthropods represent adequate samples of the local 
fauna or reflect their relative abundances. Some arthropods, especially millipedes, 
can leave behind numerous recognizable fragments from a single individual (Table 
2). Although the taphonomic processes that lead to the deposition of arthropods 
in middens are poorly known, the processes and any biases in the samples can 
be assumed to have been relatively constant. 

Contamination. — The hardness of the middens, saturation with urine and plant 
chemicals, and lack of visible signs of burrowing suggest that most of the arthropod 
remains are primary and not intrusive. Plant contaminants from younger outer 


Table 2. Numbers of arthropods identified from fossil packrat middens from the Ajo Mountains, Pima County, Arizona. Ages in thousands of years follow 
Table 1. 


Taxa 

Material 

32.0 29.1 

21.8 

20.5 

14.5 

13.5 

9.6 8.6 8.1 

1.2 

Arachnida (spiders, scorpions, mites, ticks) 









Acarina (ticks) 

Family indet. 

Araneae (spiders) 

body 







1 

Salticidae (jumping spiders) 









Genus indet. 

cephalothorax 






1 

1 

Chelonethida (pseudoscorpions) 

Family indet. 

Scorpionida (scorpions) 

body fragments 


11 

4 


12 


23 

Vejovidae 









Vejovis sp. (stripe tailed scorpion) 

tail segments 





2 



Family indet. 

telson, tail segments 

1 1 


2 

2 

4 



Diplopoda (millipedes) 









Lysiopetalidae (crested millipedes) 









Genus indet. 

segment fragments 



1 


1 


5 

Family indet. 

segment fragments 

1 3 



2 

3 

5 


Insecta (insects) 









Coleoptera (beetles) 









Bruchidae (bean weevils) 









Algarobius prosopis (LeConte) 

body 






l 1 


Stator limbatus (Horn) 

elytra 






1 

1 

Genus indet. 

elytra 






1 

2 

Buprestidae (metallic wood boring beetles) 

Agrilus sp. 

Carabidae (ground beetles) 

abdominal segment 






1 


Genus indet. 

Cerambycidae (long-horned beetles) 

head, elytra 


2 

4 


3 

4 


Genus indet. 

tarsal segments 




1 



1 
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Table 2. Continued. 


Taxa Material 32.0 29.1 21.8 20.5 14.5 13.5 9.6 8.6 8.1 1.2 

Chrysomelidae (leaf beetles) 


Cf. Glyptina (flea beetle) 

bodies 



1 


1 




Genus indet. 

elytron 



1 






Curculionidae (weevils) 










Conotrachelus sp. 

head 



2 






Eucyllus echinus Van Dyke 

body 


1 







Cf. Tychius 

body 


1 







Smicronyx sp. (marsh weevils) 

body 

1 








Genus indet. 

body, legs 

1 


3 

3 

4 




Dermestidae (carpet beetles) 










Genus indet. 

larval skin, body 


2> 

2 l 


2 1 



3 

Elateridae (click beetles) 










Genus indet. 

pronotum 






2 



Melyridae (soft winged flower beetles) 










Genus indet. 

larva 


1 







Ptinidae (spider beetles) 










Niptus nr. abtrusus Spilman 

bodies 






17 4 

1 

24 

Niptus sp. 

body fragments 

13 22 



7 


6 

3 

5 

Ptinus feminalis Fall 

body fragments 



5 





13 

Ptinus cf. fur (Linnaeus) 

bodies and fragments 

1 

20 

4 


36 



15 

Salpingidae (narrow waisted bark beetles) 










Cononotus bryanti Van Dyke 

head 




1 





Scarabaeidae (scarabs) 










Aphodius sp. 

head, elytron 





2 1 




Onthophagus cf. brevifrons Horn (dung beetle) 

head 






1 



Onthophagus velutinus Horn (dung beetle) 

body 




1 



1 

2 

Genus indet. 

misc. fragments 




2 


3 


1 

Scolytidae (bark & ambrosia beetles) 










Cactopinus hubbardi Schwarz (saguaro bark beetle) 

body 






1 

1 


Tenebrionidae (darkling beetles) 










Argoporis sp. 

legs 




1 

1 




Genus indet. 

legs 

1 

5 

4 

6 

3 

2 


5 
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Table 2. Continued. 


Taxa 

Material 

Dictyoptera (termites, roaches, mantids) 

Polyphagidae (cockroaches) 

Arenivaga sp. (desert roach) 

tibia, leg fragments 

Diptera (flies) 

Stratiomyidae 

Genus indet. 

larva 

Family indet. 

pupal bodies, puparia 

Hemiptera (true bugs) 

Cydnidae (burrowing bugs) 

Dallasiellus californicus (Blatchley) 

pronotum 

Genus indet. 

head 

Lygaeidae (seed bugs) 

Nysius raphanus Howard (chinch bug) 

bodies 

Genus indet. 

body fragments 

Scutelleridae (shield back bugs) 

Acantholomida porosa (Germar) 

sternum 

Homoptera (leaf & tree hoppers) 

Cicadae (cicadas) 

Genus indet. 

femur-tibia 

Membracidae (tree hoppers) 

Micrutalis sp. 

pronotum 

Hymenoptera (ants, bees, wasps) 

Formicidae (ants) 

Aphaenogaster boulderensis Smith 

heads 

Aphaenogster sp. 

head 

Crematogaster sp. 

bodies, wings 

Liometopum sp. 

heads 

Neivamyrmex nigrescens (Cresson) 

head,thorax 

Pheidole sp. 

heads 

Solenopsis aurea Wheeler 

body fragments 

Trachymyrmex arizonensis (Wheeler) 

body 

Genus indet. 

heads, bodies 


32.0 29.1 21.8 


3 1 


1 


2 


6 

2 



20.5 14.5 13.5 9.6 8.6 8.1 1.2 


1 2 


20 


2 2 40 


1 


l 1 l 1 


1 

1 


113 

1 


2 


5 


3 


15 

1 


1 


3 2 6 


1 

10 3 

1 1 

1 

4 1 


3 


1 

1 

18 

1 
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Table 2. Continued. 


Taxa 

Material 

32.0 

29.1 

21.8 

20.5 

14.5 1.3,5 

9.6 

8.6 

8.1 

1.2 

Sphecidae (sphecid wasps) 











Genus indet. 

head 






1 



1 

Lepidoptera (moths, butterflies) 

Family indet. 

Siphonoptera (fleas) 

pupa, body 



l 1 

1 


1 




Dolichopsyllidae 











Orchopeas sexdentatus Baker (flea) 

body 









1 

Totals: No. specimens: 678 

22 

22 

33 

54 

46 

35 138 

51 

20 

12 

267 

No. taxa: 57 

8 

8 

7 

13 

16 

14 18 

16 

8 

8 

29 


1 Probable contaminant. 
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layers are usually very small percentages of the total number of identified speci¬ 
mens. Arthropod fossils are at least an order of magnitude less common than the 
plant fossils. Rare arthropod contaminants may be incorporated into the midden 
in the same manner although we have not observed it. 

In the present study arthropod contaminants were from a different source. When 
the midden samples were disaggregated in water they were not covered and insects 
attracted to lights fell in. These specimens were readily recognized because they 
retained some of their original colors and shiny surfaces and were not impregnated 
with the amber-colored urine of the midden matrix. Obvious contaminants flagged 
in Table 2 include Aphodius sp. (a scarab beetle), Algarobius prosopis (LeConte) 
(a seed weevil), larval skins of dermestids (carpet beetles), an adult moth, and 
Nysius raphanus Howard (a chinch bug). The dermestid remains were probably 
debris from colonies of Dermestes sp. maintained to clean vertebrate skeletons. 

Modern arthropods.—The arthropod fauna of Alamo Canyon was sampled 
monthly from March to November of 1987 using several collection techniques 
(Table 3). Specimens were deposited into the collections at UAZ and Organ Pipe 
Cactus National Monument. Unfortunately the sampling was in a year of extreme 
heat and little rainfall in both the winter-spring and summer rainy seasons. Al¬ 
though the list in Table 3 is impressive, it probably represents a small portion of 
the normal fauna. 

Ten pitfall traps (covered plastic cups with 90-100 mm diameter top) contain¬ 
ing ethylene glycol were used to sample the fauna at 915-975 m on steep rocky 
slopes near the packrat midden rockshelter in the north fork of Alamo Canyon 
from March to September (ca. 300 trap nights per month for 6 mo). Pitfall traps 
are very effective at sampling ground dwelling animals, including rare and ex¬ 
tremely secretive species. Additional arthropods were collected in leaf litter from 
near packrat den entrances in upper Alamo Canyon using a Berlese funnel trap, 
from plants throughout the area using beat sheets and sweep nets, and using a 
black light at night from 730 m in the mouth of Alamo Canyon. 


Arthropod Fauna 

The pitfall traps in Alamo Canyon provided good samples of the ground dwell¬ 
ing fauna. A number of species collected in the traps have been reported in the 
literature as living in packrat houses or dens including Ptinus agnathus Fall, P. 
feminalis Fall (spider beetles), Onthophagus velutinus Horn (a dung beetle), Trox 
carinatus Loomis, T. inflatus Loomis (scarab beetles), Nidicola marginata Harris 
and Drake, and Triatoma rubida (Uhler) (kissing bug). From this study and Hall 
et al. (1988, 1990), Cononotus bryanti Van Dyke (narrow waisted bark beetle), a 
scalpingid beetle endemic to Arizona, must have close ties to packrat dens. 

Due to the accumulation of organic material near and in the packrat houses, 
the pitfall traps yielded a bounty of tenebrionid detritivores including significant 
Arizona range extensions for Anepsius delicatulus LeConte, Asidina wickhami 
Horn, Cryptoglossa angularis Horn, Eleodes wickhami Horn, and Stibia tuckeri. 
Stibia tuckeri was previously known from the type specimens from near Tucson 
(Casey, 1924), the Puerto Blanco Mountains (Hall et al., 1990), and a 14,400 yr 
B.P. packrat midden from the Kofa Mountains (Morgan et al., 1983). 

A number of specimens in the pitfall traps are new additions to the Arizona 
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Table 3. Collections and observations of arthropods from March to November of 1987 in Alamo 
Canyon, Ajo Mountains, Pima County, Arizona. Abbreviations: States of United States follow U.S. 
Postal Service two-digit code; AG—Argentina, BC—Baja California, BCN—Baja California del Norte, 
BCS—Baja California del Sur, CH—Chihuahua, CU—Coahuila, DU—Durango, EC—Ecuador, GU— 
Guatemala, HO—Honduras, JA—Jalisco, MR—Mississippi River, MX—Mexico, NI—Nicaragua, 
NL—Nueva Leon, OA—Oaxaca, RM—Rocky Mountains, SI—Sinaloa, SO—Sonora, US—United 
States, VC—Vera Cruz, VZ—Venezuela, WS—Widespread; e—eastern, n—northern, s—southern, 
sw—southwestern, w—western. 



Taxa 

Geographical distribution 

Class Arachnida 

Order Araneae 

Family Loxoscelidae 

Loxosceles sp. 


Family Therophosidae 

Aphonopelma sp. 


Order Scorpionida 

Vejovis sp. 


Class Chilopoda 

Scolopendra heros Girard 

Scutigera sp. 

AZ, sCA, MX 

Class Diplopoda 

Order Spirostreptida 

Family Spirostreptidae 

Orthoporus ornatus (Girard) 

swUS deserts 

Order Polyxenida 

Family Polyxenidae 

Polyxenus sp. 

Rare 

Class Insecta 

Order Coleoptera 

Family Anthicidae 

Ischyropalpus sp. 


Family Bruchidae 

Algarobius prosopis (LeConte) 

TX-MX (BC) 


Mimosestes amicus (Horn) 

TX-MX (SO, BC) 


Stator limbatus (Horn) 

TX-CA, MX 

Family Buprestidae 

Agrilus impexus Horn 


Family Cantharidae 

Chauliognathus obscurus Schaeffer 

AZ 

Family Carabidae 

Amara sp. 

Aperies sp. 



Cicindela lemniscata LeConte 

Colliuris pennsylvanica (Linnaeus) 
Discoderus sp. 

TX-AZ, MX (DU, CH, 

SO, BCS) 


Harpalus oblitus LeConte 

CO, NM, AZ 


Lebia arizonica Shaeffer 

AZ 


Pinacodera punctigera (LeConte) 

TX-CA 


Pterostichus arizonicus Schaeffer 
Selenophorus sp. 

AZ 


Tetragonoderus fasciatus Haldeman 

WS 

Family Cerambycidae 

Aneflomorpha sp. 



Derobrachus geminatus LeConte 

TX, AZ, MX (BCS) 


Methia mormona Linell 

CO, UT, NM, AZ 


Moneilema gigas LeConte 

TX-AZ, UT, MX 


Stenelaphus alienus (LeConte) 
Sternidius centralis LeConte 

AZ, MX 

Family Chrysomelidae 

Coscinoptera aeneipennis LeConte 

TX, AZ, MX (BCS) 


Pachybrachys snowi Bowditch 

AZ 


Pachybrachys xanti Crotch 
Pachybrachys spp. 

AZ, MX (BCS) 

Family Cleridae 

Cymatodera antennata Schaeffer 

swUS, nMX 


Cymatodera delicatula Fall 

swUS, nMX 
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Table 3. Continued. 


Taxa 


Geographical distribution 

Family Curculionidae 

Cymatodera sp. 

Enoclerus quadrisignatus Say 

Apion ventricosum LeConte 

CO, UT, TX- 


Microtychius simplex (Casey) 

CA, MX (BC) 

TX-AZ, MX 


Microtychius transversus (Casey) 

TX-CA, NV, UT, 


Ophryastes varius LeConte 
Pandeleteinus lucidillus A. Howden 

MX (BC) 

AZ, MX (BC) 

Family Dascillidae 

Amecocerus sp. 


Family Elateridae 

Conoderus ferruginosus Fall 

AZ, MX 


Dicrepidius corvinus Candeze 
Eniconyx sp. 

Esthesopus parcus Horn 

AZ 


Neotrichophorus arizonensis (Schaef- 

AZ 

Family Histeridae 

fer) 

Xerosaprinus sp. 


Family Lathridiidae 

Akalyptoischion atrichos Andrews 

AZ, CA 

Family Meloidae 

Epicauta tenella (LeConte) 

NV, NM-CA, MX (SO, 


Epicauta tenuilineata (Horn) 

CH, DU, BCS) 

AZ-CA, MX (SO, BCS) 

Family Mordellidae 

Pentaria pallida (Liljebald) 

KS, CO, TX-CA 


Mordellistena ambusta LeConte 

WS 

Family Nitidulidae 

Carpophilus dimidiatus (Fabricius) 

WS, Temperate & Tropical 

Family Oedemeridae 

Oxacis laevicollis Horn 


Family Ostomidae 

Oxacis matthewi Arnett 

Oxacis sp. 

Temnochila aerea (LeConte) 

NM-AZ, MX (BC), HO 

Family Pedilidae 

Duboisus arizonensis (Champion) 

AZ 

Family Ptinidae 

Ptinus agnatus Fall 

AZ, sCA 


Ptinus feminalis Fall 

AZ 

Family Salpingidae 

Cononotus bryanti Van Dyke 

AZ 

Family Scaphidiidae 

Baeocera sp. 


Family Scarabaeidae 

Ataenius desertus Horn 

UT, AZ-CA, BCS 


Ataenius hirsutus Horn 

Diplotaxis knausii Schaeffer 

swUS, MX (BC) 


Diplotaxis morens LeConte 

swUS, MX (BC) 


Diplotaxis subangulata Schaeffer 

swUS, MX (BC) 


Onthophagus velutinus Horn 

TX, AZ, CO, MX (BCS) 


Oxygrilius ruginasus (LeConte) 

NM-CA, MX (SO, BC) 


Phileurus Hiatus LeConte 

AZ, MX (BC), EC, VZ 


Phyllophaga lenis (Horn) 

AZ, sCA 


Phyllophaga timida (Horn) 

AZ 


Trox carinatus Loomis 

eAZATX, MX (CH) 


Trox inflatus Loomis 

eAZ-TX, MX (CH) 


Trox punctatus Germar 

MR-CA, MX (BC) 

Family Staphylinidae 

Xenomedon sp. 


Family Tenebrionidae 

Anepsius delicatulus LeConte 

AZ^CA, MX (nSO, BC) 


Argoporus alutacea Casey 

AZ, CA, MX (SO) 


Asidina wickhami Horn 

AZ 


Blapstinus castaneus Casey 

TX-AZ, CO 


Centrioptera variolosa Horn 

AZ, MX (BC) 


Conibius opacus (LeConte) 

AZ, CA 
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Table 3. Continued. 


Taxa 


Geographical distribution 


Cryptoglossa angularis Horn 
Doliodesmus charlesi Spilman 

AZ, CA, MX (BC) 


Eleodes carbonaria (Say) 

TX-AZ 


Eleodes debilis LeConte 

TX-AZ 


Eleodes subnitens LeConte 

AZ 


Eleodes wickhami Horn 

Eusattus reticulatus (Say) 

Hylocrinus oblongulus Casey 

NM-AZ 


Hymenorus sp. 

Metoponium sp. 

AZ, CA, MX (BC) 


Nocibiotes granulatus (LeConte) 

AZACA, MX (BC) 


Platydema inquilinum Linell 

AZ 


Stibia tuckeri Casey 

AZ 


Trior op bus histrio Casey 

AZ 


Typhlusechus chemehuevii Aalbu 
and Andrews 

AZ, CA 

Order Dictyoptera 

Family Kalotermitidae 

Marginitermes hubbardi (Banks) 


Family Mantidae 

Yersiniops solitarium (Scudder) 

RM-AZ 

Family Polyphagidae 

Arenivaga sp. 


Family Rhinotermitidae 

Heterotermes aureus (Snyder) 

AZ, CA 

Family Termitidae 

Amitermes snyderi Light 

AZ-CA (Mohave & Sono¬ 
ran deserts) 


Gnathamitermes perplexus (Banks) 

TX-CA 

Order Diptera 

Family Asilidae 

Efferia spp. 


Family Bombyliidae 

Lordotus perplexus Johnson and 
Johnson 

Phthiria sp. 


Family Syrphidae 

Volucella isabellina Williston 

NM-AZ, MX (SO) 

Family Tephritidae 

Euaresta sp. 


Order Hemiptera 

Family Anthocoridae 

Nidicola marginata Harris and 
Drake 

AZ, CA 

Family Coreidae 

Leptoglossus breviroslris Barber 



Mozena arizonensis Ruckes 

Narnia sp. 

AZ 

Family Cydnidae 

Dallasiellus californicus (Blachley) 

NM-CA, MX (BCN) 


Melanaethus subglaber (Walker) 

TX-CA, UT, MX (SO, BC) 


Pangaeus bilineatus (Say) 

WS 


Pangaeus setosus Froeschner 

TX, AZ, MX 

Family Largidae 

Largus cinctus (Herrich-Schaeffer) 

swUS 

Family Lygaeidae 

Exptochiomera oblonga (Stal) 
Ligyrocoris nitidulus Uhler 
Ligyrocoris sp. 

swUS 


Lygaeus rubricollis Uhler 

swUS 

Family Miridae 

Phytocoris vanduzeei Reuter 

NM, NV, AZ, CA 

Family Nepidae 

Ranatra quadridentata Stal 

swUS 

Family Notonectidae 

Buenoa arizonensis Bare 

AZ 


Notonecta kirbyi Hungerford 

nd-tx-ca 

Family Pentatomidae 

Brochymena parva Ruckes 

swUS 


Dendrocoris contaminatus Uhler 

TX-CA, UT 


Thyanta pallidovirens Ruckes 

wUS 
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Table 3. Continued. 


Taxa 


Geographical distribution 

Family Phymatidae 

Macrocephalus dorannae Evans 

swUS 

Family Reduviidae 

Apiomerus longispinnis Champion 

swUS 


Melanolestes abdominalis Evans 

ws 


Rhiginia cinctiventris Stal 

TX-AZ 


Sinea confusa Caudell 

swUS 


Triatoma rubida (Uhler) 

Zelus socius (Uhler) 

TX-CA, MX (VC, SI, SO, 
BC) 

Family Scutelleridae 

Camirus moestus (Stal) 

AZ, MX (OA, JA) 

Order Homoptera 

Family Cercopidae 

Clastoptera arizonana Doering 

AZ 

Family Cicadellidae 

Draeculacephala portola Doering 
Phlepsanus vanduzeei (Ball) 
Scaphytopius sp. 

Xestocephalus sp. 


Family Cixiidae 

Oecleus sp. 

Oliarus complectus Ball 


Family Fulgoridae 

Scolops sp. 


Family Issidae 

Hysteropterum cornutum Melichar 

CO-UT, AZ-CA 

Family Membracidae 

Campylenchia latipes (Say) 

WS 


Centrodontus atlas paucivenosus 
Cook 

NM-CA, UT 


Multareis cornutus lawsoni Cook 
Mutareoides bifurcata Cook 

AZ, CA, UT 

Family Psyllidae 

Aphalaroida sp. 



Leuronota maculata (Crawford) 

TX, AZ 

Order Hymenoptera 

Family Andrenidae 

Perdita sp. 


Family Braconidae 

Agathis nigripes (Cresson) 

WS 

Family Chrysididae 

Chrysis sp. 


Family Formicidae 

Aphaenogaster cockerelli (Andre) 
Camponotus sp. 

Crematogaster sp. 

TX-sCA, MX 


Cyphomyrmex rimosus (Spinola) 

FD-CA, MX-AG 


Neivamyrmex nigrescens (Cresson) 

TX-SC, MX (SO, BC) 


Odontomachus clams Roger 

TX, NM, AZ, SCA, MX 
(NL, DU, CU, CH, SO, 
BC) 


Pheidole vistana Forel 

AZ, sCA, MX 


Pseudomyrmex apache Creighton 

sTX-sCA, MX 


Solenopsis aurea Wheeler 

wTX-sCA, MX 

Family Mutillidae 

Dasymutilla magnifica Mickel 

NM-CA, MX (BC) 

Family Pompilidae 

Agenioideus birkmanni (Banks) 
Aporinellus sp. 

US-MX (OA) 


Auplopus mexicanus (Cresson) 

AZ, MX (VC) 


Pepsis chrysothemis Lucas 

TX-CA, MX (SO, BC) 


Pepsis formosa (Say) 

NM-CA, MX (SO, BC) 

Family Tiphiidae 

Aglyptacros sp. 

Brachycistis sp. 

Tiphia sp. 

AZ 

Family Vespidae 

Polistes flavus Cresson 

CO-NV, NM- 
CA, MX (SO) 
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Table 3. Continued. 


Taxa 


Geographical distribution 

Order Lepidoptera 

Family Noctuidae 

Erastroideas propera Grote 
Hemeroplanis sp. 

Melipotis indomita Walker 
Tarachida clausula (Grote) 



Cactobrosis fernaldialis (Hulst) 

AZ, CA 

Family Pyralidae 

Noctuelia sp. 


Family Sphingidae 

Manduca sexta (Linnaeus) 

MD, NY-FL, MA-sCA 

Order Neuroptera 

Family Mantispidae 

Plega sp. 


Family Myrmeleontidae 

Brachynemurus yavapai Currie 

AZ, UT, MX (BC) 


Eremoleon nigribasis Banks 

AZ, NM, UT, MX (BC) 


Vella hesperus Banks 

AZ, NM, MX (BC) 

Order Odonata 

Family Libellulidae 

Libellula saturata Uhler 

MO, KS, OK, ID, WY, 

CO, UT, NV, TX-CA, 
MX (NL, CU, CH, SO, 
BC) 


Pseudoleon superbum Hagen 

swUS-GU 


Sympetrum corruptum Hagen 

WS 

Order Orthoptera 

Family Acrididae 

Encoptolophus subgracilis Caudell 

swUS, MX, HO 


Leprus intermedius Saussure 

TX-CA, CO- 
UT, MX (BC) 


Ligurotettix coquilletti Caudell 

NV, AZ, CA, MX (SO, BC) 


Poecilotettix pantherinus (Walker) 

AZ, MX (SO) 


Psoloessa texana Scudder 

NB-TX-CA, MX (BC) 


Schistocerca vaga (Scudder) 

TX-CA, MX-NI 


Trimerotropis pallidipennis (Bur- 
meister) 

wUS, MX (BC) 

Family Gryllidae 

Gryllus assimilis (Fabricius) 

WS 

Family Tettigoniidae 

Arethaea gracilipes papago Hebard 

AZ, CA 


Atelopus schwarzi Caudell 

sAZ 


Insara elegans Scudder 

wTX-AZ, MX 

Family Phasmidae 

Pseudosermyle straminea Scudder 

TX, CO-CA 

Order Thysanura 

Family Machilidae 

Machilis sp. 



arthropod fauna including Hylocrinus oblongulus Casey and Typhlusechus che- 
mehuevii Aalbu and Andrews (tenebrionid beetles), Hysteropterum cornutum Mel- 
ichor (an issid homopteran), and Pheidole vistana Forel (a myrmecine ant). Typh¬ 
lusechus chemehuevii is a tiny flightless, nearly blind beetle previously only known 
from the Providence Mountains of California (Aalbu and Andrews, 1985). 

The Berlese funnel trap yielded the lathridiid beetle Akalyptoischion atrichos 
Andrews and the relatively unknown millipede Polyxenus from litter samples. 
Akalyptoischion atrichos is a recently described genus and species (Andrews, 1976). 
It is a fungus and detritus feeder previously known from various habitats from 
montane forests to coastal chaparral to Mohave desertscrub in California. 
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Orthoporus ornatus (Girard) (desert millipede) is very common in Alamo Can¬ 
yon. Our observation of it grazing on new leaves of Coursetia glandulosa a meter 
off the ground has apparently not been previously reported for this widespread 
detritivore (Wooten and Crawford, 1975). 

Blacklighting in Alamo Canyon to sample the nocturnal aerial fauna was not 
very productive due to relatively low insect populations in a dry year. However 
alates of a rare termite, Amitermes snyderi Light, were taken. They were flying in 
association with the more common Gnathamitermes perplexus (Banks), a behav¬ 
ioral situation that may explain why the alate form has not been described in the 
literature (Nutting, 1969). 

Examination of the distribution patterns of Alamo Canyon arthropods in Table 
3 is enlightening. The largest groups are species that are widespread in the south¬ 
western United States (53.6%) and also found in some portion of Mexico (49.3%). 
Forty of the Mexican species (29.0%) occur on the Baja California Peninsula. In 
this study of buprestid beetles Van Dyke (1942) previously pointed out close ties 
between the arthropod faunas of Sonora and Baja California, especially Baja 
California del Sur, and the mainland Sonoran Desert in Sonora, Arizona, and 
California. Although Sonoran distributions were not as clearly identified, the 
border is only 24 km to the south; undoubtedly many Alamo Canyon arthropods 
also occur there. 

Six or seven of 21 species of tenebrionid beetles collected in Alamo Canyon 
were common. The remainder probably represent less common species with low 
populations or transients. Thomas (1983) reached similar conclusions in his ex¬ 
tensive study of tenebrionid beetles in the eastern Mohave Desert in southern 
Nevada and northwestern Arizona: i.e., a nucleus of common species and a num¬ 
ber of transients. The steep, rocky slopes in our Alamo Canyon study area do not 
tend to accumulate litter in comparison with gentler alluvial bajadas or relatively 
flat areas in valleys. Low litter availability limits the number of desert detritivores, 
especially of flightless tenebrionids, in permanent residency. The vagility of these 
insects helps account for the many apparent transients. 

Ten species in the Alamo Canyon fauna (7.2%) only enter the United States in 
Arizona with eight more (5.8%) also reaching southern California. Nineteen species 
(13.8%) are only known from Arizona. An additional 10 species only known from 
Arizona and California brings the total of regional endemics to 21.0%. 


Arthropod History 

A total of 57 arthropod taxa representing 13 orders, 27 families, 29 genera, and 
18 species was identified from the 10 packrat midden samples from the Ajo 
Mountains (Fig. 2; Tables 1, 2). A total of 678 specimens was identified with 12- 
267 (ave. 67.8) specimens and 7-29 (av. 13.7) taxa per sample. The contaminants 
(two species, a genus, and a family) discussed above were not included in cal¬ 
culations of percentages and similarity indices on the fauna. The results are pre¬ 
sented in summary chronological diagrams (Figs. 3, 4). In general ground dwelling 
groups such as scorpions, pseudoscorpions, millipedes, beetles, and ants make up 
the bulk of the fauna. The most common beetle families are the Ptinidae and 
Tenebrionidae with good representation for the Bruchidae, Carabidae, Curcu- 
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F. 

Figure 2. Fossil insect remains from Ajo Mountains packrat middens, Pima County, Arizona. 
Scale divisions in millimeters. A. Onthophagus velutinus (Scarabaeidae) body (14,500 yr B.P.). B. 
Crematogaster sp. (Formicidae) body (9585 yr B.P.). C. Cactopinus hubbardi (Scolytidae) body (9585 
yr B.P.). D. Solenopsis aurea (Formicidae) head (1150 yr B.P.; also E-G). E. Trachymyrmexarizonensis 
(Formicidae) head to petiole. F. Ptinus nr .fur (Ptinidae) body. G. Cicada (Cicadidae) foreleg of nymph. 


lionidae, and Scarabaeidae. With seven genera, the ants are the most diverse group 
sampled. Indeterminant remains of fly larvae and pupae were surprisingly com¬ 
mon. 

Local species. — A number of the taxa identified from the Ajo Mountains mid¬ 
dens still live in Alamo Canyon (Table 3). The ants Crematogastor sp., Neiva- 
myrmex nigrescens (Cresson), and Solenopsis aurea Wheeler have been present 
since the middle Wisconsin (32,000-29,110 yr B.P.). Arthropods that first ap¬ 
peared in the record in the late Wisconsin (21,840-13,500 yr B.P.) include Aphae- 
nogaster sp., Arenivaga sp., Cononotus bryanti, Onthophagus velutinus, Ptinus 
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Figure 3. Chronological summary of fossil beetles recovered from Aj o Mountains packrat middens. 


feminalis, and Vejovis sp. Agrilus sp., Cactopinus hubbardi Schwarz, Pheidole sp., 
and Stator limbatus (Horn) appeared in middle Holocene (8590-8130 yr B.P.) 
samples. This early record of Cactopinus hubbardi (the saguaro bark beetle, Scol- 
ytidae) reflects the arrival of its host, Carnegiea gigantea (Van Devender, 1987). 
Although C. hubbardi is not common today and difficult to collect, it is a regular 
fossil in the middens. The fossils of C. gigantea are mostly seeds and not pieces 
of the rotting tissue inhabited by the beetles. Relatively complete bodies of C. 
hubbardi suggest that they were trapped on sticky midden surfaces. Cactopinus 
hubbardi may leave the cacti and use the rockshelters for part of the year. Potential 
leguminous hosts for Stator limbatus (Bruchidae) in the samples were Acacia 
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Figure 4. Chronological summary of fossil arthropods exclusive of beetles from Ajo Mountains 
packrat middens. 


greggii and Prosopis velutina. Dallasiellus californicus (Blatchley) (a burrowing 
bug, Cydnidae) was identified from the late Holocene (1150 yr B.P.) sample. 

Extralocal species. — Sixteen arthropods (30.2%) identified from packrat midden 
specimens that were not collected in Alamo Canyon have differing significances. 
Several weevils were found in the middle and late Wisconsin (32,000-21,840 yr 
B.P.) pinyon-juniper samples. Specimens in UAZ indicate that Conotrachelus sp., 
Eucyllus echinus Van Dyke, and Smicronyx sp. are widespread in Sonoran des- 
ertscrub and would not be surprising if found in the Ajo Mountains. A specimen 
of E. echinus from “Organ Pipe Park” may be from the Monument. Smicronyx 
sp. occurs in the Puerto Blanco Mountains (Hall et al., 1990). However, cf. Tychius 
apparently represents a woodland species that presently lives above the desert. 
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The UAZ specimens of T. prolixus Casey are from 1710m elevation in Snowflake, 
Arizona (355 km NE) and San Diego, California. 

Spider beetles are common commensals in packrat houses that are often found 
in packrat middens. A total of 196 specimens (28.9%) in four taxa were found in 
the Ajo Mountains samples. Niptus abtrusus Spilman is a cave dwelling species 
known from Val Verde and Brewster counties of eastern Trans-Pecos Texas and 
adjacent Coahuila, Mexico (Spilman, 1968). It was previously reported from a 
12,000 yr B.P. packrat midden from Maravillas Canyon Cave, Texas (Ashworth, 
1973). Although this species is closely related to N. ventriculus LeConte of Arizona, 
the fossils appear closer to N. abtrusus using Spilman’s (1968) key and comparative 
specimens. Niptus cf. ventriculus was reported in late Holocene (1910 and 130 yr 
B.P.) samples from the Puerto Blanco Mountains but has not been collected in 
recent arthropod surveys in the Monument. Although the midden records of N. 
nr. abtrusus indicate a major range extension of a Chihuahuan Desert beetle to 
the Ajo Mountains, its abundance in Holocene (9585-1150 yr B.P.) samples 
suggests it may eventually be collected in Arizona. The genus Niptus appears to 
have been more common in the study area for the last 32,000 yr than it is today. 

Ptinus nr. fur (Linnaeus) was found in late Wisconsin (21,800 and 13,500 yr 
B.P.) and late Holocene (1150 yr B.P.) samples. Although this beetle has a cos¬ 
mopolitan distribution (Papp, 1962), the only Arizona specimens in UAZ are 
from Globe and Phoenix. In the 20,490 and 1150 yr B.P. samples, it was as¬ 
sociated with P. feminalis. Ptinus feminalis was previously found in pitfall traps 
and eight late Holocene (3480-30 yr B.P.) middens in the Puerto Blanco Moun¬ 
tains (Hall et al., 1990). 

Several arthropods were only found in late Wisconsin samples. The melyrid 
beetle and the tree hopper Micrutalis sp. (Membracidae) are widespread and may 
occur in the Ajos. The melyrid specimen was a larva which is carnivorous or 
scavenges on animal materials (White, 1983). However, the ant Liometopum sp. 
in the 14,500-yr B.P. sample and the flea beetle cf. Glyptina (Chrysomelidae) in 
the 13,500-yr B.P. sample probably reflect the cooler, moister climates of glacial 
times. 

Liometopum is a genus of ants that nest in soil beneath cover or under bark or 
in crevices in trees in the mountains of the southwestern United States (Krombein 
et al., 1979). Liometopum luctuosum Wheeler lives at 1370-2470 m elevation in 
piny on-juniper woodland or higher conifer forests in Nevada (Wheeler and Whee¬ 
ler, 1986). This species and L. apiculatum Mayr have been taken from a number 
of localities at 1070-2290 m elevation in the mountains of southeastern and central 
Arizona, often in woodland or chaparral. Only a specimen of L. luctuosum from 
Salford is from a desert elevation (890 m) but could reflect a mesic microhabitat 
in an urban setting. The nearest records for both species to the midden site are 
in the Santa Catalina Mountains (115 km ENE). 

At least four species of Glyptina occur in Arizona in various habitats up to 
cool, moist high mountain areas in the eastern half of the state (UAZ specimens). 
Glyptina atriventris Horn enters the upper edge of the Sonoran in the Tucson and 
Salford areas although the specimens may be from more mesic urban or agricul¬ 
tural settings. The nearest locality to the Ajo Mountains for Glyptina sp. is from 
desertscrub in the Waterman Mountains (130 km ENE). 

Trachymyrmex arizonensis (Wheeler) was identified from a middle Wisconsin 
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(29,110 yr B.P.) and three Holocene (9570-1150 yr B.P.) samples. Today this 
montane ant is only known from relatively mesic habitats in the Huachuca and 
Santa Rita mountains of southeastern Arizona. 

Segment fragments of tiny crested millipedes (Lysiopetalidae) were found in 
late Wisconsin (20,490 and 13,500 yr B.P.) and late Holocene (1150 yr B.P.) 
samples. Specimens of this secretive form from the Puerto Blanco Mountains 
(Hall et al., 1990) suggest that it probably occurs in the Ajo Mountains as well. 

The specimen of Onthophagus cf. brevifrons Horn in the 9585-yr B.P. sample 
is of special interest. This rare dung beetle is only known in Arizona from the 
Chiricahua Mountains and near the Pinal Mountains (210 km NE) in packrat 
houses (Howden and Cartwright, 1963). These localities are either at the upper 
edge of desert-grassland, in Mexican pine-oak woodland, or interior chaparral. 
Elias (1987) also reported it from two late Holocene (3420-4340 yr B.P.) packrat 
middens from 1705 m elevation in Rhodes Canyon in the San Andres Mountains 
of south-central New Mexico. The middens contained plant remains of the modem 
Chihuahuan desertscrub/desert-grassland vegetation. 

The remaining midden taxa not known from the Ajo Mountains {Acantholomida 
porosa (Germar), Aphaenogaster boulderensis Smith, Orchopeas sexdentatus Ba¬ 
ker, and a stratiomyid fly) were from the 1150-yr B.P. sample. O. sexdentatus is 
a widespread flea that has been collected on packrats in Arizona including Neotoma 
lepida Thomas (desert packrat) in Organ Pipe and N. albigula Hartley (white 
throated packrat) in Tucson (UAZ specimens). One or both of these two species 
probably constructed the fossil middens. Stratiomyids probably occur in Organ 
Pipe as well. 

Acantholomida porosa is widespread in the United States from Virginia to 
Oregon and Florida to California (Lattin, 1964). Arizona specimens in UAZ are 
from relatively mesic habitats in the Pinaleno, Santa Catalina, and Atascosa 
mountains. Aphaenogaster boulderensis is known from western Texas to southern 
Nevada and southern California (Wheeler and Wheeler, 1986). The only Arizona 
specimens in UAZ are from Horseshoe Island in Lake Mead and the Grand 
Canyon, over 400 km to the north-northwest of Alamo Canyon. 

Thus, the actual number of extralocal species in the midden fauna may be only 
eight (15.1%). The presence in the youngest sample of species presently known 
from the Chihuahuan Desert in Texas and Coahuila ( Niptus abtrusus) or from 
widespread localities in the Southwest but rare in Arizona {Aphaenogaster boul¬ 
derensis, Ptinus cf. fur), or from relatively mesic habitats in mountains with Sierra 
Madrean affinities in southeastern Arizona {Acantholomida porosa, Trachymyr- 
mex arizonensis) is interesting. The wealth of arthropods in the 1150 yr B.P. 
sample (267 specimens and 29 taxa), and especially of pseudoscorpions (23 spec¬ 
imens) and ptinids (57 specimens in four taxa), indicate relatively mesic conditions 
for Sonoran desertscrub. Plant macrofossils in the Puerto Blanco Mountains also 
recorded a very wet period at about the same time (980 and 990 yr B.P.; Van 
Devender, 1987). The significance of these apparent range extensions is difficult 
to assess because of inadequate knowledge of the arthropod fauna of the Ajo 
Mountains and many other areas in the Sonoran Desert. Were Niptus abtrusus, 
Ptinus fur, and Trachymyrmex arizonensis survivors from wetter periods in the 
Late Wisconsin and Holocene that were only recently extirpated? Did Acantho¬ 
lomida porosa and Aphaenogaster bouldernesis temporarily expand their ranges 
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Table 4. Comparison of the Ajo Mountains midden arthropod fauna with similar faunas from the 
Puerto Blanco (Hall et al., in press), Tinajas Altas, Butler, and Homaday (Hall et al., 1988) mountains. 
Sorenson’s index of similarity (S.I.) is calculated by 2C/A + B (C = shared taxa between samples, A 
and B = sample totals). 


Site 

No. 

speci¬ 

mens 


Total taxa 



Families 



Genera 


No. 

C 

% 

S.I. 

No. 

C 

% 

S.I. 

No. 

C 

% 

S.I. 

Ajo Mts. 

678 

53 

— 

— 

— 

31 

— 

— 

— 

30 

— 

— 

— 

Puerto Blanco Mts. 

715 

43 

22 

51.2 

0.46 

30 

17 

56.7 

0.56 

25 

10 

40.0 

0.36 

Tinajas Altas Mts. 

357 

32 

15 

46.9 

0.35 

21 

14 

66.7 

0.54 

15 

4 

26.7 

0.18 

Butler Mts. 

65 

17 

9 

52.9 

0.26 

12 

8 

66.7 

0.37 

7 

2 

28.6 

0.11 

Hornaday Mts. 

218 

23 

16 

69.6 

0.42 

18 

13 

72.2 

0.53 

9 

6 

66.7 

0.31 


several hundred kilometers during a relatively short wet climatic episode? Or are 
they yet to be discovered in the higher portions of the Ajo Mountains? 

Comparison with previous fossil records.— The Ajo Mountains midden arthro¬ 
pod fauna with 53 taxa is the largest from the region and yielded 14 genera and 
11 species not previously recorded in Sonoran Desert middens. These records 
combined with other midden faunas (Ashworth, 1976; Morgan et al., 1983; Hall 
et al., 1988, in press; Spilman, 1976) give a total of 102 taxa in 49 families, 57 
genera, and 28 species for the region. Two species ( Niptus abtrusus and Onthopha- 
gus brevifrons) and a genus {Aphaenogastor sp.) were previously reported from 
Chihuahuan Desert middens (Ashworth, 1973; Elias, 1987). 

It is interesting to compare the midden arthropods from five Sonoran midden 
series. All samples are dominated by ground dwellers. The beetle families Bru- 
chidae, Curculionidae, Scarabaeidae, and Tenebrionidae, Formicidae, and the 
genera Argoporis and Pheidole were identified from all areas. Millipedes, carabid 
beetles, and Ptinus sp. were in four faunas while Cactopinus hubbardi, Cononotus 
bryanti, and Solenopsis aurea were in three. 

Sorenson’s index of similarity was used to compare the Ajo Mountains midden 
fauna with the other Sonoran Desert faunas (Table 4). In this index twice the 
number of taxa shared between samples is divided by the sum of the taxa identified 
from each sample (Mueller-Dombois and Ellenberg, 1974). The index approaches 
one as samples become more similar. When sample sizes are disparate the indices 
can be artificially low. 

In general the indices are similar for all of the sites except for the Butler Moun¬ 
tains where values are low due to small sample size. Differences between the Ajo 
Mountains fauna and the others probably reflect the relatively cool, wet habitats 
at higher elevations for the Sonoran Desert. The indices illustrate quite well that 
the faunas are most similar to the Ajo Mountains fauna at the family level and 
least at the species level. With maximum values of only 0.56 for families and 
0.42 for total taxa, it is clear that there are important differences between each of 
the faunas as well. 

The Ajo Mountains midden arthropod fauna differed from other Sonoran Desert 
faunas in several aspects. Millipedes were less common in Wisconsin and Ho¬ 
locene samples than in other areas or in Alamo Canyon today. Tenebrionid beetle 
remains were relatively rare throughout the Ajo Mountains sequence although 21 
species were in the modern fauna (Table 3). Previous Sonoran Desert midden 
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studies yielded three species, seven genera, and numerous indeterminate speci¬ 
mens. The low abundance of millipedes and tenebrionids in the Wisconsin samples 
may reflect their reduced abundances in mesic woodland environments compared 
to desertscrub habitats. 


Discussion 

Previous studies of midden arthropods from the Sonoran Desert have suggested 
that the arthropod faunas are basically conservative with fewer distributional 
changes than plants during late Wisconsin glacial periods with most of the ar¬ 
thropods potentially occurring within a few kilometers of the sites today (Hall et 
al., 1988, 1990). The possibility was suggested that the effects of glacial climates 
on arthropods decreased along latitudinal and elevational gradients with minimal 
changes in the Sonoran Desert lowlands. Identification of fragmentary specimens 
to relatively high taxonomic levels, inadequate sampling of the modem fauna, 
and relatively few specimens determined to species in the older samples indicated 
the possibility of more significant changes than detected. 

The Ajo Mountains midden arthropod fauna is relatively rich (53 taxa) and 
from a relatively high elevation (915-975 m) in the Sonoran Desert with good 
middle and late Wisconsin and early Holocene coverage. Although the fauna 
contains quite a few arthropods that are not known from the Ajo Mountains, they 
are throughout the record and not just in the older samples (see above). Com¬ 
parison of the arthropods and plants from the same middens in Alamo Canyon 
will help evaluate the relative degree of change. For the arthropods 66.7% for the 
middle Wisconsin (n = 12), 75.0% for the late Wisconsin (n = 32), and 83.8% 
for the early Holocene (n = 36) potentially (actual fossils plus likely occurrences 
based on other records and taxonomic levels) occur in Alamo Canyon today. 
Similar percentages for the plant fossils are 72.4% for the middle Wisconsin (n 
= 58), 75.0% for the late Wisconsin (n = 52), and 88.2% for the early Holocene 
(n = 68). The percentages of long-lived plants (trees, shrubs, parasites, and suc¬ 
culents) observed at the site and occurring somewhere in Alamo Canyon are 6.1% 
and 60.1% ( n = 33) for the middle Wisconsin, 6.3% and 65.6% ( n = 32) for the 
late Wisconsin, and 6.9% and 75.9% for the early Holocene (n = 29). Less change 
was seen in the short-lived herbaceous plants (herbaceous perennials, annuals, 
and grasses) with 88.0% in the middle Wisconsin (n = 25), 90% in the late 
Wisconsin (n = 20), and 97.4% in the early Holocene (n = 39) still in Alamo 
Canyon. Percentages for the plants that no longer live in the Ajo Mountains are 
25.9% for the middle Wisconsin (n = 15), 23.1% for the late Wisconsin (n = 12), 
and 10.3% for the early Holocene (n = 7). This compares with 18.9% for the 
entire arthropod fauna (n = 8), 33.3% for the middle Wisconsin, and 9.4/25.0% 
for the late Wisconsin, and 8.1/16.2% for the actual and potential extralocals. 

These percentages suggest that the differences in the responses of arthropods 
and plants to ice age climates were not as disparate as suggested for lower Sonoran 
Desert sites. The resolution in the fossil plant record is much greater allowing 
changes in local distributions and community structure to be observed. The plants 
recorded in the middens that no longer occur in the Ajo Mountains were mostly 
long-lived trees, shrubs, and succulents which are often the conspicuous structural 
dominants in the communities. The dominants apparently changed more than 
the arthropods or the entire flora. 
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Chronological development. — As discussed above, the vegetation of the Sonoran 
Desert has undergone a series of stages beginning with woodlands in the late 
Wisconsin, transitional woodland/desertscrub in the early Holocene (11,000-9000 
yr B.P.), cool, wet Sonoran desertscrub in the middle Holocene (9000-4000 yr 
B.P.), and relatively modem desertscrub from 4000 yr B.P. until the present. 
Comparison of this general developmental sequence with the midden arthropods 
is interesting. 

In the Puerto Blanco Mountains the arthropod faunal sequence began with 
relatively few taxa in a single late Wisconsin sample, increased gradually in the 
early and middle Holocene, and increased dramatically in the late Holocene 
paralleling the increase in subtropical plants (Hall et al., 1990). A total of 76.3% 
of 38 arthropod taxa appeared in the Holocene. The Holocene arthropod sequence 
from northwestern Sonora was similar with a major increase in species richness 
after 4,000 yr B.P. The midden arthropods from the Tinajas Altas and Butler 
mountains reflect a gradual increase in taxa from the middle Wisconsin (>43,200 
yr B.P.) through the Holocene without major steps (Hall et al., 1988). 

The Ajo Mountains arthropod series yielded many more taxa in the older 
samples. Percentages of the fauna potentially present are 60.8% in the late Wis¬ 
consin (by 14,500 yr B.P.), 66.7% in the early Holocene (9570 yr B.P.), and 70.6% 
in the middle Holocene (8130-8590 yr B.P.). Only 37.3% of the taxa first appeared 
in the Holocene. As in the other areas the greatest diversity was in the late Holocene 
(1150 yr B.P.) with 92.2% of the fossil taxa potentially present. As discussed 
above, this sample may be from a relatively short, wet period and more diverse 
than at other times in the late Holocene. Interestingly only 78.4% of the midden 
taxa potentially occur in the Ajo Mountains today while the modem fauna (Table 
3) is still quite diverse. 


Acknowledgments 

We thank Harold J. Smith, Superintendent, and Bill Mikus, Resource Manager, 
Organ Pipe Cactus National Monument for their help and encouragement. Vera 
Markgraf, Jim I. Mead, Rebecca K. Van Devender, and Marilynn Bemzott helped 
with the field work. Hal Coss discovered the midden sites and collected the Alamo 
Canyon #3 sample. Fred G. Andrews, California Food and Agriculture Depart¬ 
ment, identified the Akalyptoischion atrichos specimen. Funds were provided by 
Southwest Parks and Monuments Association. Dana Domer drafted the figures. 
Timothy L. Van Devender printed the photographs in Figure 2. Jean Morgan and 
Justine Collins typed the manuscript. 

Literature Cited 

Aalbu, R. L., and F. G. Andrews. 1985. New species, relationships, and notes on the biology of the 
endogean tentgriine, genus Typhlusechus (Tenebrionidae: Stenosini). St. Calif. Dept. Food & 
Agri., Div. Plant Industry, Occ. Pap. Ento., No. 30, 28 pp. 

Andrews, F. G. 1976. Akalyptoischion, a new genus of Lathridiidae from western North America 
(Coleoptera). St. Calif. Dept. Food & Agri., Div. Plant Industry, Occ. Pap. Ento., No. 22, 23 

pp. 

Ashworth, A. C. 1973. Fossil beetles from a fossil wood rat midden in western Texas. The Coleop- 
terists Bull., 27:139-140. 

-. 1976. Fossil insects from the Sonoran Desert, Arizona. Amer. Quat. Assoc. Abs., 1976:122. 

Bowers, J. E. 1980. Flora of Organ Pipe Cactus National Monument. J. of the Ariz.-Nev. Academy 
Sci., 15:1-11, 33-47. 



346 


PAN-PACIFIC ENTOMOLOGIST 


Casey, T. L. 1924. Additions to the known Coleoptera of North America. Memoirs on the Coleoptera, 
11:296-297, Lancaster Press Inc., Lancaster, Pennsylvania. 

Cole, K. L. 1986. The lower Colorado Valley: a Pleistocene desert. Quaternary Res., 25:392-400. 

Elias, S. A. 1987. Paleoenvironmental significance of Late Quaternary insect fossils from wood rat 
middens in south-central New Mexico. Southwest. Nat., 32:383-390. 

Ezcurra, E., and V. Rodrigues. 1986. Rainfall patterns in the Gran Desierto, Sonora, Mexico. J. Arid 
Env., 10:13-28. 

Felger, R. S. 1980. Vegetation and flora of the Gran Desierto, Sonora, Mexico. Desert Plants, 2:87- 
114. 

Hall, W. E., T. R. Van Devender, and C. A. Olson. 1988. Late Quaternary arthropod remains from 
Sonoran Desert packrat middens, southwestern Arizona and northwestern Sonora. Quaternary 
Res., 29:277-293. 

-,-, and-. 1990. Late Quaternary and modem arthropods from the Puerto Blanco 

Mountains, Organ Pipe Cactus National Monument, southwestern Arizona. In J. L. Betancourt, 
T. R. Van Devender, and P. S. Martin (eds.). Packrat middens: late Quaternary environments 
of the arid West. Univ. Arizona Press, Tucson. 

Howden, H. F., and O. L. Cartwright. 1963. Scarab beetles of the genus Onthophagus Latreille north 
of Mexico (Coleoptera: Scarabaeidae). Proc. U.S. Natl. Mus., 114:1-135. 

Hubbard, C. A. 1968. Fleas of western North America. Hafner Publ., New York, 533 pp. 

Krombein, K. V., P. D. Hurd, Jr., D. R. Smith, B. D. Burks, and others. 1979. Catalog of Hymenoptera 
in America north of Mexico, Vol. 2. Smithsonian Inst. Press, Washington, D.C., 2735 pp. 

Lattin, J. D. 1964. The Scutellerinae of America north of Mexico (Hemiptera: Heteroptera: Pen- 
tatomidae). Ph.D. dissertation, Univ. California, Berkeley, 350 pp. 

Mead, J. I., T. R. Van Devender, and K. L. Cole. 1983. Late Quaternary small mammal remains 
from Sonoran Desert packrat middens, Arizona and California. J. Mammalogy, 64:173-180. 

Morgan, A. V., A. Morgan, A. C. Ashworth, and J. V. Matthews, Jr. 1983. Late Wisconsin fossil 
beetles in North America. Pp. 354-363 in S. C. Porter (ed.), Late Quaternary environments of 
the United States, Vol. 1. The late Pleistocene. Univ. Minnesota Press, Minneapolis, Minnesota, 
407 pp. 

Mueller-Dombois, D., and H. Ellenberg. 1974. Aims and methods of vegetation ecology. John Wiley 
& Sons, Inc., New York, New York, 547 pp. 

Nutting, W. L. 1969. Distribution and flights of rare North American desert termites of the genus 
Amitermes (Isoptera: Termitidae). Pan-Pac. Entomol., 45:320-325. 

Papp, C. S. 1962. An illustrated and descriptive catalogue of the Ptinidae of North America. Duetsch 
Entomolgishe Zietschrift, N.F. 9, 5:367-423. 

Ryckman, R. E., E. F. Archbold, and D. G. Bentley. 1981. The Neotoma group in North and Central 
America: a checklist, literature review, and comprehensive bibliography (Rodentia: Cricetidae: 
Cricetinae). Bull. Soc. Vector Ecologists, 6:1-92. 

Shreve, F. 1964. Vegetation of the Sonoran Desert. Pp. 259-293 in F. Shreve and I. L. Wiggins, 
Vegetation and flora of the Sonoran Desert. Stanford Univ. Press, Stanford, California, 1740 

pp. 

Spilman, T. J. 1968. Two new species of Niptus from North American caves (Coleoptera: Ptinidae). 
Southwest. Nat., 13:193-200. 

-. 1976. A new species of Fossil Ptinus from fossil wood rat nests in California and Arizona 

(Coleoptera, Ptinidae), with a postscript on the definition of a fossil. The Coleopterists Bull., 
30:239-244. 

Thomas, D. B., Jr. 1983. Tenebrionid beetle diversity and habitat complexity in the eastern Mojave 
Desert. The Coleopterists Bull., 37:135-147. 

Turner, R. M., and D. E. Brown. 1982. 154.1 Sonoran desertscrub. Desert Plants, 4:121-181. 

Van Devender, T. R. 1987. Paleoclimatic implications for the monsoonal Sonoran Desert of a 
packrat midden vegetation sequence from the Puerto Blanco Mountains, southwestern Arizona. 
Quaternary Res., 27:51-72. 

-, and J. I. Mead. 1978. Early Holocene and Late Pleistocene amphibians and reptiles in 

Sonoran Desert packrat middens. Copeia, 1978:464-475. 

-, R. S. Thompson, and J. L. Betancourt. 1987. Vegetation history in the Southwest: the nature 

and timing of the Late Wisconsin-Holocene transition. Pp. 323-352 in W. F. Ruddiman and 
H. E. Wright, Jr. (eds.). North America and adjacent oceans during the last deglaciation. Geol. 
Soc. Amer., Boulder, Colorado, 501 pp. 








VOLUME 65, NUMBER 3 


347 


Van Dyke, E. C. 1942. Contributions toward a knowledge of the insect fauna of Lower California. 

No. 3 Coleoptera: Buprestidae. Proc. Calif. Acad. Sci., 24:97-132. 

Wheeler, G. C., and J. N. Wheeler. 1986. The ants of Nevada. Los Angeles Co. Nat. Hist. Mus., 
Los Angeles, California, 138 pp. 

White, R. E. 1983. A field guide to the beetles of North America. Houghton Mifflin Co., Boston, 
368 pp. 

Wooten, R. C., Jr., and C. S. Crawford. 1975. Food, ingestion rates, and assimilation in the desert 
millipede Orthoporus (Girard) (Diplopoda). Oecologia (Berlin), 20:231-236. 


PAN-PACIFIC ENTOMOLOGIST 
65(3), 1989, pp. 348-351 

Stenochariergus, a New Genus with Two New Species 
(Coleoptera: Cerambycidae) from Central America 

Edmund F. Giesbert and Frank T. Hovore 

9780 Drake Lane, Beverly Hills, California 90210. 

(FTH) Placerita Canyon Nature Center, Newhall, CA 91321 


Abstract. — The genus Stenochariergus is described from Central America, and 
assigned to the tribe Compsocerini. Two new species are described and compared: 
S. dorianae from Panama, which is illustrated, and S. hollyae from Costa Rica. 


Two new taxa, very similar in structure, but differing in color and range, have 
recently been collected by the authors in Central America, and appear to represent 
a unique new genus. 


Stenochariergus, New Genus 

Form moderately small, slender, subparallel; integument at least partially me¬ 
tallic. Head moderately small, somewhat elongate, narrow, genae subparallel, 
antennal tubercles widely separated, concave between; palpi slightly unequal, with 
apical segments moderately dilated, truncate; eyes large, finely facetted, deeply 
emarginate; antennae slender, longer than body, subhliform, 11 segmented, with 
small spines at apices of segments 3 and 4. Pronotum longer than broad, narrowest 
at apex, sides unarmed; prostemal process moderately narrow, dilated at apex; 
procoxal cavities open behind; mesosternum with small callus on middle of base, 
mesocoxae flattened, nearly level with moderately wide, slightly concave meso- 
sternal process. Elytra narrow, elongate, subparallel, costate, with apices truncate. 
Legs long, slender, femora sublinear. 

Type species.—Stenochariergus dorianae, n. sp. 

Easily mistaken for members of the Rhinotragini, Stenochariergus may be readi¬ 
ly separated from that tribe by the spined antennae, slender, nearly linear femora, 
non-cylindrical maxillary palpi, and comparatively wide interocular front of the 
male, along with other characters. The genus seems better placed in the Comp¬ 
socerini, where a few taxa with armed antennae have been assigned. 

The Compsocerini are currently represented in Central America by a single 
species, Coremia plumipes (Pallas), since the removal of the genus Pachymerola 
Bates to the Hyboderini by Giesbert (1987). 

All examples known of both the following delicate and colorful new species 
were taken in May and June on blossoms of small trees and shrubs at intermediate 
elevations of the Central American Cordillera. 

Stenochariergus dorianae Giesbert and Hovore, New Species 

(Fig. 1) 

Male.— Form moderately small, slender, parallel sided. Integument shining, 
metallic light green, with basal % of elytra yellowish testaceous; abdomen, tibiae, 




VOLUME 65, NUMBER 3 


349 


tarsi, and outer antennal segments infuscated with piceous. Head elongate; eyes 
large, with lower lobes separated on front by slightly more than maximum width 
of antennal scape; front narrow, shining, irregularly punctate, with median lon¬ 
gitudinal impressed line; vertex shining, moderately densely punctate, underside 
glabrous, shining, transversely rugose near apex; antennae slender, surpassing 
elytral apices by about 3 segments, segments 3 and 4 armed with a small spine 
on inside at apex, 3rd segment nearly twice as long as scape, about l A longer than 
4th. Pronotum longer than wide, sides feebly rounded, widest near base, narrowing 
to apex, with a raised, obtuse tubercle on each side of disk near base; surface with 
dense mixture of very fine and moderately coarse, shallow punctures, interrupted 
in middle by a flat, glabrous, longitudinal callus; pubescence fine, short, dense, 
suberect, not obscuring surface. Elytra nearly 4 times as long as width across 
humeri, parallel sided, each with 3 well-developed longitudinal costae, the outer 
of which is somewhat abbreviated at base, apices truncate, with angles dentate; 
surface coarsely cribrate-punctate; pubescence very sparse, pale, suberect. Un¬ 
derside densely micropunctate, with fine, suberect pale pubescence intermixed 
with longer pale hairs; apex of terminal stemite broadly subtruncate. Legs long, 
slender, with femora nearly linear; metatarsi with 1st segment longer than 2nd 
and 3rd combined. Length 8-10 mm. 

Female.—Nz ry similar to male, but with eyes smaller, lower lobes separated 
on front by more than 1 x h times maximum width of scape; antennae slightly more 
robust, and slightly shorter, surpassing elytral apices by about 2Vi segments. Length 
8-10.5 mm. 

Types.—Holotype male, allotype (California Academy of Sciences), and 1 male 
paratype from PANAMA, Panama Prov., Cerro Campana, 2700 ft, June 3-5, 
1981 (E. Giesbert). Additional paratypes from PANAMA as follows: 10 males, 
Cerro Campana, 2200 ft, on blossoms of Clethra sp., May 18-19, 1984 (E. Gies¬ 
bert); 1 female, same locality, June 1-2, 1983 (J. Wappes); 1 male, same locality, 
July 1, 1972 (H. Stockwell); 8 males, 1 female, Panama Prov., 10 km N El Llano, 
June 2, 1987 (F. Hovore). Paratypes are deposited in the collections of the authors, 
J. Wappes, and the Essig Museum of Entomology, Berkeley, California. 

Remarks. — The examples seen in this study are remarkably consistent in color 
pattern. It is a pleasure to name this species for Miss Dorian H. Giesbert. 

Stenochariergus hollyae Giesbert and Hovore, New Species 

Male. — Form moderately small, slender, parallel sided. Integument shining 
metallic emerald green, with approximately apical % of elytra orange, occasionally 
with orange elytral marking reduced to a transverse fascia or pair of lunules at 
middle; elytral tips, tibiae, tarsi, and outer antennal segments infuscated. Head 
moderately elongate; eyes large, with lower lobes separated on front by slightly 
more than maximum width of antennal scape; front narrow, shining, irregularly 
punctate, with median longitudinal linear impression; vertex shining, moderately 
densely punctate, underside glabrous, shining, transversely rugose near apex; an¬ 
tennae slender, surpassing elytral apices by about 3 segments, segments 3 and 4 
armed with a small spine on inside at apex, 3rd segment nearly twice as long as 
scape, about l k longer than 4th. Pronotum longer than wide, sides feebly rounded, 
widest near base, narrowing to apex, with a raised, obtuse tubercle on each side 
of disk near base; surface with dense mixture of very fine and moderately coarse, 
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Figure 1. Stenochariergus dorianae, new species, male. 
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shallow punctures, interrupted in middle by a flat, glabrous, shining longitudinal 
callus; pubescence fine, short, dense, suberect, not obscuring surface. Elytra nearly 
4 times as long as width across humeri, parallel sided, each with 3 obtuse lon¬ 
gitudinal costae, the outer of which is somewhat vague, apices truncate, with 
angles dentate; surface coarsely cribrate-punctate, pubescence very sparse, pale, 
suberect. Underside densely micropunctate, with fine, suberect pale pubescence 
intermixed with longer pale hairs; apex of terminal stemite broadly subtruncate. 
Legs elongate, slender, with femora nearly linear; metatarsi with 1 st segment longer 
than 2nd and 3rd combined. Length 9.75 mm. 

Female. — Very similar to male, but with eyes smaller, lower lobes separated 
on front by more than 1 Vi times maximum width of scape; antennae somewhat 
stouter and slightly shorter, surpassing elytral apices by about 2Vi segments. Length 
9.5 mm. 

Types. —Holotype male, allotype (California Academy of Sciences), and 7 para- 
types (6 males, 1 female) from COSTA RICA, Cartago, Prov., CATIE Institute 
grounds, Turrialba, June 16-18, 1986 (F. T. Hovore); 4 additional paratypes as 
follows: (1 male, 1 female), from type locality, May 28-31, 1987 (E. Giesbert); 1 
female, Turrialba, 1968 (L. Bonnefil); 1 female, Monteverde, Puntarenas Prov., 
June 9-12, 1986 (Hovore); 1 female, same locality, May 25, 1979 (H. Howden); 
1 male, same locality, May 19, 1981 (J. Washburn); 1 female, same locality, June 
8-10, 1986 (Chemsak, Katsura & Michelbachers). Paratypes are deposited in the 
collections of the authors and the Essig Museum of Entomology, Berkeley, Cal¬ 
ifornia. 

Remarks. — Although very similar in form, this species may be separated from 
S. dorianae by the orange and metallic emerald green coloration, by the somewhat 
less developed elytral costae, and by the more northwestern range. Orange integ¬ 
ument of the elytra is reduced on a few specimens to a broad median fascia. On 
the Monteverde examples, this fascia is further reduced by being interrupted at 
the suture to form a median lunule on each elytron. We are pleased to name this 
colorful species for Miss Holly Hovore. 
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Inexpensive, Portable Vacuums Used in Collections of 
Ants in the Field and Laboratory 1 

Roger D. Akre, Carol A. Ramsay, and Laurel D. Hansen 

(RDA, CAR) Department of Entomology, Washington State University, Pull¬ 
man, Washington 99164-6432; (LDH) Department of Biology, Spokane Falls 
Community College, Spokane, Washington 99204. 


Abstract. — Inexpensive, minor modifications were made to three types of small, 
portable vacuums for use in collecting ants, particularly carpenter ants. A 4.5- 
liter canister vacuum was adapted for use with a deep cycle battery for collecting 
entire ant colonies in the field. Hand-held vacuums were modified for use in the 
lab to collect small groups of ants, 10-20, for insecticide testing. Use of these 
modified vacuums made the laborious tasks of collecting, sorting, and counting 
ants relatively simple and efficient. 


Studies involving collections of large numbers of arthropods for repetitive tests 
using specific numbers of individuals, such as toxicity studies, require apparatuses 
for rapid and precise collection. Vacuum devices are typically used for this pur¬ 
pose. Vacuuming arthropods avoids the need for anesthesia, cooling, or physical 
contact, or for volume and weight measurements, and thus reduces damage and 
mortality in addition to increasing accuracy (Jaycox, 1970). 

Many vacuum devices have been designed or modified for the collection of 
forest canopy insects (Paul and Mason, 1985), bees (Jaycox, 1970; Clinch, 1970; 
Gary and Marston, 1976; Gary and Lorenzen, 1987), and molluscs and various 
arthropods (Johnson et al., 1957). These vacuums range from relatively simple 
(Clinch, 1970; Bradbury and Morrison, 1975) to elaborate designs for specific 
needs (Gary and Marston, 1976; Gary and Lorenzen, 1987). The costs of these 
vacuums also vary, depending upon design and necessary modifications. However, 
most are expensive. One other important aspect to be considered is the flexibility 
of a system. Some vacuums are easily modified for multiple uses while others are 
fixed in function. Most of the vacuums described above have been modified from 
commercially available models by researchers to fit specific needs. However, some 
vacuums designed for insect collection are commercially available (BioQuip; sim¬ 
ilar to vacuum described by Gary and Lorenzen, 1987). 

We had specific needs for vacuums that were not met by any of the existing 
designs. Portable vacuums that we modified for the rapid collection of carpenter 
ants in the field and for ease in handling and counting these ants in the laboratory 
are described. 


1 This work was conducted under project 0037, Washington State University, College of Agriculture 
and Home Economics. 
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Vacuum Modifications 
Bon-Aire® “Super Vac” Canister 

To collect entire ant colonies in the field, we used a Bon-Aire® “Super Vac” 
Canister (model BA-747, Bon-Aire Industries, Inc., 3240 Industry Dr., P.O. Box 
490, Signal Hill, California 90801) (Fig. 1). The vacuum is provided with a 
cigarette lighter adapter plug, but for convenience we spliced two battery clamps 
into the 4.6-m power cord so the vacuum could also be used with a deep cycle 
battery (18.5 x 22.5 x 16.5 cm, 14.5 kg, 70 amp hr) in the held. The vacuum 
hose is 90 cm long by 35 mm outside diameter (OD) with a rigid end that connects 
to the vacuum and a pliable end for suction. This vacuum tank has a full capacity 
of approximately 4.5 liters. A cloth filter is fitted in the top of the vacuum. 

CarVac® Plus, DustBuster® Plus, and Hoover Help Mate® II 

Black & Decker CarVac® Plus, DustBuster® Plus, and Hoover Help Mate® II 
were modified for use in the laboratory to collect small groups of ants, which could 
be counted easily (Fig. 2). These portable, hand vacuums are very similar, differing 
mainly in their power source. These vacuums can be readily purchased at auto 
parts, discount, or hardware stores. The CarVac® Plus is normally used with a 
cigarette lighter adapter plug, and the 5-m electrical cord was again equipped with 
battery clips for use with a 12-volt battery or 12-volt transformer that can be 
plugged into house current. The DustBuster® Plus is a rechargeable unit, con¬ 
taining 5 sub c Ni-Cd + batteries. However, we also modified the DustBuster® 
Plus with a continuous “on” switch and with the attachment of small alligator 
clips connected by short wires internally to the system so that accessory battery 
packs (5 sub c wired in series) can be used after the internal battery packs discharge. 
Each accessory battery pack will run a unit for an additional 12 min. The Help 
Mate® II Model SI059-030 operates on standard 120 AC. The cord is 5.5 m 
long. If necessary, the filter can be removed from each model to increase suction. 

Other Modifications 

Modifications of the CarVac® Plus, DustBuster® Plus, and Help-Mate® II were 
made mainly to the crevice tool which was slightly expanded on the end so the 
opening was large enough for insertion of a piece of extruded, clear, round, acrylic 
tubing [15.9-mm outside diameter (OD) by 12.7-mm inside diameter (ID) by 5 
cm; Ain Plastics, 800 North 10th, Sacramento, California 95814] (Fig. 2B, C). 
Any opening remaining in the crevice tool, around the tubing, was tightly sealed 
with cork cut to fit the openings, if necessary, and glued into place with Duco® 
or Dow Coming® Silicon Cement to prevent any air leaks. A piece of Tygon® 
tubing (Fig. 2D; 15.5-mm ID, 21-mm OD) was used to connect the vacuum to 
a removable end apparatus or collection container for the ants (Fig. 2H). This 
apparatus consisted of a modified plastic screw-cap specimen jar (118 ml; Carolina 
Biological Supply Company) which connects to the Tygon® tubing. Holes were 
cut in the lid with a metal bit in a drill press and in the side of the jar with a 
heated cork borer for insertion of acrylic tubing (Fig. 2F, I). Small pieces of 
Tygon® (15.5-mm ID) were placed on either side of the acrylic tubing as it passed 
through the lid, and the unit was glued into place with Dow Coming® Silicon 
Cement (Fig. 2J). The acrylic tube inserted through the side of the jar was glued 
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Figure 1. Bon-Aire® “Super Vac” canister. A. Motor housing and filter. B. 4.5-liter tank. C. Cord 
with cigarette lighter plug and battery clamps. D. Vacuum hose. 


into place with hot melt glue (Thermogrip® all purpose hot melt adhesive) and 
a glue gun. A piece of galvanized steel window screening was inserted in this tube 
with a short dowel rod until it was flush with the inside edge of the tube (Fig. 
2G). This screen prevented suction of ants into the vacuum. The Tygon® tube 
from the vacuum fits over this tube and is held in place solely by friction so these 
containers can be replaced rapidly. The tube in the lid was used for sucking ants 
into the end apparatus. Once a container was filled with the required number of 
ants, a rubber stopper (#00) was placed in the opening to prevent their escape. 

Discussion and Summary 

Although we have used many sizes and types of vacuums for collecting carpenter 
ants since 1976, the Bon-Aire® vacuum is the most effective, portable vacuum 
of this size we have used for collecting entire colonies of carpenter ants. Since the 
canister is made of a very smooth plastic with few internal protrusions, ants 
cannot maintain footing in the vacuum and are easily removed except for a few 
that may cling to the filter. This makes the periodic emptying of ants into a plastic 
bag very easy. The vacuum tube is large enough that it infrequently plugs with 
wood and wood debris, and it is flexible enough that if jams do occur, they are 
easily cleared. The pliable end of the vacuum hose is desirable because it allows 
suction of ants that are in narrow crevices in the wood. Two or three of these 
vacuums are conveniently run simultaneously from a single deep cycle battery. 
Our battery (70 amp hr) runs two vacuums for a minimum 4 hr, more than enough 
time to collect multiple colonies on a single collecting trip. The filter needs to be 
cleaned periodically or removed to maintain optimum suction. 

The hand-held portable vacuums are quite similar in design to those by Jaycox 
(1970), Clinch (1970), and Bradbury and Morrison (1975). There is a benefit in 
using the Car Vac® Plus or Help Mate® II vacuum instead of the DustBuster® 
Plus model because of the difference in the power source. The DustBuster® Plus 
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Figure 2. Basic design of Black & Decker 12-volt CarVac® Plus and DustBuster® Plus with an 
end apparatus (similar modifications were made to crevice tool of the Hoover Help Mate®. II). A. 
Vacuum. B. Crevice tool. C. Round, acrylic tube (15.9 x 12.7-mm OD/ID). D. Tygon® tubing (15.5- 
mm ID). E. Air vent. F. Round, acrylic tube (15.9 x 12.7-mm OD/ID). G. Screening. H. Specimen 
jar (118 ml). I. Round, acrylic tube (15.9 x 12.7-mm OD/ID). J. Small piece of Tygon® tubing for 
support. 

can only be used for a short time (15 min) before recharging becomes necessary, 
but this problem can be minimized if accessory battery packs are used. 

The main use of the hand-held vacuums is collecting groups of 10-20 ants into 
an end apparatus for insecticide testing. It is essential that the end apparatus be 
made of a rigid, clear plastic material. Flexible plastic materials tend to come 
unglued easily, but more importantly, the ants cling to them tightly so they cannot 
be emptied or counted easily. With the slick sides of the container the ants are 
readily dislodged to the bottom of the container and placed into the testing arena. 
It is important to place the screen as deeply as possible in the vacuum connection 
tube of the container so the ants cannot cling to it within the tube. These end 
apparatus containers are manufactured for about $0.60 each, and we have 100 
available when testing. One team member vacuums the required number of worker 
ants into the containers, filling multiple containers so groups of ants are always 
available for the next test. If a container breaks or becomes contaminated, it is 
simply discarded. 

Since these vacuums were readily available at very reasonable costs ($14 to 
$25), and since the modifications required were simple and easily done with few 
tools, nearly anyone can afford to have one to five vacuums for insect collection 
and/or insecticide testing. An added benefit to these vacuums is that the modi¬ 
fications do not change the basic designs and all can still be used as a normal 
vacuum with all their original accessories. Commercially available insect collecting 
vacuums have limiting factors of cost ($75) and an unalterable design. 

Although our primary use of these vacuums has been the collection and ma¬ 
nipulation of ants, they can also be used to handle most other insects. Minor 
modifications to the basic design can make the systems useful for many other 
functions. 
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Descripcion de tres especies nuevas de lygaeidos geofilos 
(Lygaeidae—Rhyparochrominae—Drymini-Gonianotini) 

Harry Brailovsky y Luis Cervantes 

Instituto de Biologia, UN AM, Departamento de Zoologia, Apartado Postal 70- 
153, Mexico 04510, Distrito Federal, Mexico. 


Resumen.— Se describen tres especies nuevas de lygaeidos mexicanos captu- 
rados entre la hojarasca producida por Arctostaphylos pungens (Ericaceae) o por 
vegetacion miscelanea; dos de las especies recolectadas en los estados de Puebla 
y Durango son incluidos en el genero Eremocoris (Drymini) y la tercera especie 
capturada en el estado de Michoacan, es ubicada dentro del genero Malezonotus 
(Gonianotini) que a su vez representa el primer registro de este genero para Mexico. 

Abstract. — Three new species of Mexican lygaeids, that were found in leaf litter 
produced by Arctostaphylos pungens (Ericaceae) or by miscellaneous plants, are 
described; two of the species collected in Puebla and Durango are included in the 
genus Eremocoris (Drymini), and the third found in Michoacan is located in the 
genus Malezonotus (Gonianotini) which represents the first record of this genus 
for Mexico. 


Brailovsky y Barrera (1981) revisaron recientemente la Tribu Drymini para 
Mexico, registrando 3 generos y 12 especies de las cuales 6 fueron nuevos taxa 
para la ciencia. Dentro del genero Eremocoris Fieber reconocieron 10 especies y 
en este articulo se agregan dos nuevas especies, capturadas en la Provincia neartica 
mexicana. Conjuntamente a ello, se describe una tercera especie que es ubicada 
dentro del genero Malezonotus Barber (Gonianotini) que previo a este estudio, 
mostraba una distribucion restringida al Canada y a los Estados Unidos de Nor- 
teamerica (Ashlock, 1958, 1963) y que a traves de este nuevo taxa capturado en 
Mexico, se amplian sus limites distributives tratandose como en el caso anterior, 
de una especie neartica. 

Las abreviaturas usadas en el texto son: IBUNAM (Coleccion Entomologica 
del Instituto de Biologia de la Universidad Nacional Autonoma de Mexico). Las 
medidas estan dadas en milimetros. 

Malezonotus mayorgae Brailovsky y Cervantes, Especie Nueva 

(Fig. 1) 

Holotipo macho. — Coloracion dorsal: Cabeza, pronoto y escutelo de color negro 
y con las siguientes areas anaranjado-ocre castano: apice del tylus, los bordes 
anterolaterales, gran parte de los angulos humerales y el borde posterior del pro¬ 
noto y el apice del escutelo; artejos antenales I y II anaranjado brillante; el III 
anaranjado brillante y con el tercio apical negro y el IV negro; clayus pardo y con 
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Figura 1. Vista dorsal de Malezonotus mayorgae Brailovsky y Cervantes, especie nueva. 


dos bandas ocre sucio una corriendo anexo a la sutura claval y la otra mas corta 
y cercana al tercio posterior del borde anal; puntuaciones clavales de color negro; 
corium bicoloro, siendo negro y con las siguientes areas ocre sucio: el tercio anterior 
y medio del margen costal y del exocorio y una franja que corre paralelo a la 
sutura claval; membrana hemelitral con una mancha discoidal negra que ocupa 
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el centro y que esta delimitada en cada una de sus caras por un anillo bianco (Fig. 
1). Coloration ventral: Negro y con el borde anterior del protorax y los acetabulos 
de color ocre palido; artejos rostrales I a III y los artejos podalicos de color 
anaranjado castano; artejo rostral IV negro. 

Cabeza: Longitud total: 0.64; anchura a traves de los ojos: 0.82; distancia 
interocular: 0.50; longitud de los artejos antenales: I, 0.22; II, 0.60; III, 0.52; IV, 
0.66; escasamente punteada y con una fina y abundante pilosidad dorada, recos- 
tada contra la superficie y con algunas cerdas largas y erectas; rostro alcanzando 
el borde posterior del mesosterno. Pronoto: Longitud total: 0.88; anchura a traves 
de los angulos frontales: 0.90; anchura a traves de los angulos humerales: 1.26; 
cercanamente trapezoidal, liso y con el lobulo posterior provisto de puntuaciones 
suficientemente espaciadas; pilosidad espaciada, dorada y recostada contra la 
superficie; borde anterior y posterior concavos; bordes anterolaterales emargina- 
dos, oblicuamente rectos a casi paralelos y con una ligera constriction posterior. 
Patas: Femur anterior conspicuamente dilatado y armado ventralmente con tres 
espinas aguzadas, minusculas y arregladas en una hilera; femur medio y posterior 
delgados e inermes. Escutelo: Longitud total: 0.74; anchura maxima: 0.74; liso, 
piano y con una fina y escasa pilosidad plateada. Hemelitro: Macroptero, alcan¬ 
zando el apice del abdomen; sutura claval presente. Abdomen: Recubierto por 
una pilosidad dorada, fina, y espaciada y con algunas cerdas largas y erectas. 
Longitud total del cuerpo: 3.64. 

Holotipo macho.—MEXICO: Michoacan: km 94, carretera Maravatio Mo¬ 
relia, recolectado por L. Cervantes el 22 de mayo de 1988. Depositado en IBU- 
NAM. 

Habitos.— De habitos geofilos, corriendo activamente en el substrato rocoso, 
el cual estaba tapizado por hojarasca miscelanea. El area en cuestion se ubica a 
una altura de 1800 metros sobre el nivel del mar, estando sometida a una pro- 
longada sequia y donde la vegetation dominante estaba conformada por Yucca 
sp., Asclepia sp. y numerosas compuestas. 

Entre los lygaeidos acompanantes de esta nueva especie destacan Geocoris, 
Sisamnes, Oxycarenus y Cryphula. 

Aspectos biogeograficos. — El genero Malezonotus Barber, solo habia sido regis- 
trado para la region Sur-Occidental del Canada (British Columbia) y para gran 
parte de los Estados Unidos de Norteamerica, teniendo a California, Arizona, 
Texas y Louisiana como los limites mas surenos. La captura de esta nueva especie 
en la region Centro-Occidental de la Republica Mexicana (Michoacan) amplia 
conspicuamente sus limites distribucionales. 

Discusion. — El genero Malezonotus fue revisado por Ashlock (1958, 1963) el 
cual incluye una clave, una description para cada una de los ocho especies y un 
excelente juego de laminas. Basado en dichos articulos M. mayorgae Brailovsky 
y Cervantes, especie nueva, se relaciona con M. angustatus (Van Duzee) y con 
M. barberi Ashlock teniendo todas ellas el pronoto ligeramente mas largo que el 
escutelo y tanto el tercio anterior como el medio del margen costal del corium 
(en ocasiones tambien el exocorio y una franja paralela a la sutura claval) de color 
amarillo u ocre y contrastando con el color mas obscuro del resto del corium. 

En M. mayorgae las espinas ventrales del femur anterior son muy pequenas y 
aguzadas y la membrana hemelitral de la forma macroptera posee un disco central 
negro y rodeado enteramente por un anillo bianco (Fig. 1). En las otras dos especies 
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las espinas del femur anterior son largas y mas robustas y la coloracion de la 
membrana hemelitral es muy distinta. En M. angustatus la membrana es negra 
y con el margen anterior, el angulo basal y el margen posterior bianco y en M. 
barberi es mayormente negra dejando la cara externa e interna de un tinte blan- 
quecino. 

M. angustatus es una especie de gran talla (4.50-5.00) y con el clavus entera- 
mente de color anaranjado ocraceo palido, mientras que M. mayorgae es mas 
pequena (3.64) y con el clavus pardo y con dos franjas ocraceo sucio. M. barberi 
es tambien una especie pequena (3.70-4.30) pero el clavus es mayormente pardo. 

Etimologla. —Nos complace dedicar esta especie a la Biol. Cristina Mayorga, 
en reconocimiento a las muchas horas dedicadas a la captura de la hemipterofauna 
nacional. 

Eremocoris mimbresianus Brailovsky y Cervantes, Especie Nueva 

(Fig. 2) 

Holotipo macho.—Coloracion dorsal: Cabeza: De color anaranjado castano 
brillante y con el tylus anaranjado palido; artejos antenales I y II anaranjado 
palido y con el apice del II un poco mas obscurecido; artejos antenales III y IV 
anaranjado parduzco y con la union basal anaranjado palido. Pronoto: Lobulo 
anterior anaranjado castano mate y con los margenes anterolaterales de color 
anaranjado cremoso palido; lobulo posterior anaranjado con los angulos hume- 
rales negros y con una franja longitudinal media amarillo cremoso sucio; pun- 
tuaciones pronotales negras. Escutelo: Anaranjado castano rojizo mate, con el 
apice anaranjado mas palido y con la base y una mancha discoidal cercanamente 
basal parduzca. Hemelitro: Clavus amarillo cremoso palido y con las siguientes 
areas castano palido: las puntuaciones, una mancha irregular en el tercio basal y 
otra an el tercio apical y anexo a la comisura claval; corium mayormente pardo, 
con una mancha negra cercanamente rectangular situada casi en el tercio medio 
del endocorio y con las siguientes areas de color amarillo cremoso palido: la 
totalidad del tercio anterior (puntuaciones anaranjado castano palido) y una man¬ 
cha discoidal situada cerca del tercio medio del exocorio; margen apical del corium 
y al area corial anexa al tercio posterior de la sutura claval de color negro; mem¬ 
brana hemelitral parduzca y con la mayor parte de los margenes de color amarillo 
cremoso palido. Abdomen: Conexivo bicolor con el margen inferior negro y el 
resto anaranjado castano palido; segmentos dorsales negros y con el VII anaran¬ 
jado castano palido. Coloracion ventral: Cabeza: Anaranjado castano mate; artejo 
rostral I anaranjado amarillo castano brillante y los artejos II a IV amarillo 
brillante y con el apice del IV negro. Tor ax: Anaranjado castano mate y con las 
siguientes areas de color anaranjado o amarillo palido: margen anterior del pros- 
temo, los acetabulos de los tres pares de patas y el margen posterior de la propleura, 
mesopleura y metapleura; mesostemo y metastemo negro; puntuaciones gene- 
ralmente pardas y espaciadas. Patas: Anaranjadas o amarillo anaranjado castano 
brillante, excepto el apice de las espinas del femur y de la tibia anterior y la 
proyeccion externa de los trocanteres de los tres pares de patas que son de color 
negro. Abdomen: Estemitos pardo rojizo obscuro y con los margenes posteriores 
habitualmente de color anranjado castano palido; estemitos III y IV con dos 
manchas semidiscoidales laterales a la linea media de color anaranjado castano 
palido. Pigoforo: Variegatado de pardo rojizo obscuro y anaranjado castano palido. 
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Figura 2. Vista dorsal de Eremocoris mimbresianus Brailovsky y Cervantes, especie nueva. 


Pubescencia: Dorsalmente integrada por pelos plateados largos, erectos y es- 
paciados; ventralmente con la cabeza y el torax practicamente glabros mientras 
que en el abdomen se aprecia una densa y apretada pilosidad plateada conformada 
por pelos largos, tanto erectos como recostados contra la superficie. 

Cabeza: Longitud total: 0.71; distancia preocular: 0.49; anchura a traves de los 
ojos: 0.89; longitud de los artejos antenales: I, 0.62; II, 1.05; III, 0.93; IV, 1.05; 
espaciadamente punteada; rostro alcanzando el apice de la metacoxa y con el 
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artejo rostral I rebasando el borde prostemal. Torax: Pronoto: Longitud total del 
lobulo anterior: 0.89; longitud total del lobulo posterior: 0.49; anchura a traves 
de los angulos frontales: 0.65; anchura a traves de los angulos humerales: 1.51; 
cercanamente cuadrangular; borde anterior suavemente concavo; bordes ante- 
rolaterales emarginados y conspicuamente convexos; angulos frontales redondea- 
dos; angulos humerales romos y no salientes; borde posterior profundamente 
concavo; lobulo anterior globoso, ampliamente convexo y visto lateralmente mucho 
mas elevado que el lobulo posterior y que el escutelo; lobulo posterior piano y 
rectangular; disco pronotal con puntuaciones aisladas. Patas: Femur anterior ar- 
mado con una doble hilera de espinas que eorren ventralmente y donde sobresale 
una de mucho mayor talla; tibia posterior con una densa pubescencia integrada 
por cerdas cortas, semidecliventes y mas cortas que el diametro de la propia tibia; 
tibia anterior curva y armada con una hilera de espinas. Escutelo: Longitud: 0.93; 
anchura maxima: 0.65; tercio medio basal con una conspicua depresion y el disco 
con puntuaciones espaciadas. Hemelitro: Macroptero, alcanzando el apice del 
abdomen; borde costal emarginado y escasamente curvo a casi recto; angulo apical 
truncado y corto; borde apical recto. Longitud total del cuerpo: 5.00. 

Hembra. — Cabeza: Longitud total: 0.74; distancia preocular: 0.49; anchura a 
traves de los ojos: 0.86; longitud de los artejos antenales: I, 0.58; II, 1.00; III, 
0.91; IV, 1.00. Pronoto: Longitud total del lobulo anterior: 0.71; longitud total 
del lobulo posterior: 0.44; anchura a traves de los angulos frontales: 0.64; anchura 
a traves de los angulos humerales: 1.46. Escutelo: Longitud: 0.84; anchura ma¬ 
xima: 0.62. Placas genitales: Variegatadas de pardo rojizo obscuro y anaranjado 
castano palido. Longitud total del cuerpo: 4.72. 

Variacion. — La coloracion descrita para el holotipo macho, varia dentro de la 
serie examinada, dando a continuation dichos cambios: 1) Artejo antenal III 
anaranjado palido y solo con el tercio apical pardo. 2) Lobulo posterior del pronoto 
amarillo palido, con los angulos humerales negros y las puntuaciones anaranjado 
castano. 3) Prostemo negro o anaranjado castano mate. 4) Tibias de los tres pares 
de patas y eventualmente el tercio posterior de los femures de un tinte anaranjado 
parduzco. 5) Borde superior del conexivo eventualmente negro. 6) Estemitos 
abdominales mayormente de color anaranjado castano palido, dejando solo el 
margen anterior de cada segmento de color pardo rojizo oscuro. 7) VII segmento 
abdominal de color anaranjado castano o bien negro y con una franja posterior 
anaranjado castano palido. 

Holotipo macho. — MEXICO: Durango: Los Mimbres, recolectado por E. Ba¬ 
rrera y H. Brailovsky el 6 de agosto de 1979. Depositado en IBUNAM. 

Serie de paratipos machos. — Dos con los mismos datos que el holotipo. De- 
positados en IBUNAM. 

Serie de paratipos hembras.— Dos con los mismos datos que el holotipo. De- 
positados en IBUNAM. 

Biologia y habitos. — Los individuos que componen a este nuevo taxa, fueron 
capturados en la hojarasca producida por Arctostaphylos pungens H.B.K. (Eri¬ 
caceae) entre la cual se desplazaban activamente. Este arbusto de 2 a 3 metros de 
altura esta habitualmente asociado a chaparrales. 

Discusion. — Afin a E. legionarius Brailovsky y Barrera, segregandose por la 
siguiente suma de caracteres. En E. mimbresianus Brailovsky y Cervantes, especie 
nueva, el lobulo anterior del disco pronotal es de color anaranjado castano mate 
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y con los margenes anterolaterales de un tinte anaranjado cremoso palido, el 
hemelitro alcanza el apice del abdomen y las cerdas de la tibia posterior nunca 
son mas largas que el diametro de la propia tibia. En E. legionarius el lobulo 
anterior del disco pronotal aunque tambien anaranjado esta delimitado en su 
periferia y hacia su linea media por bandas longitudinales y transversales de color 
negro, el hemelitro se trunca en la base del VII segmento abdominal y las cerdas 
de la tibia posterior son mas largas que el diametro de la propia tibia. 

La anchura maxima del pronoto de E. mimbresianus es mucho mayor que la 
de E. legionarius (1.30 contra 1.70). 

Etimologia.— El nombre especifico es alusivo a la localidad tipo. 

Eremocoris extremus Brailovsky y Cervantes, Especie Nueva 

(Fig. 3) 

Holotipo hembra. — Coloracion dorsal: Cabeza, pronoto y escutelo de color negro 
brillante, excepto los angulos humerales del pronoto que guardan una coloracion 
anaranjado castano obscuro; clavus y corium de color anaranjado castano brillante, 
siendo ligeramente mas palido en los % distales; membrana hemelitral negra, con 
el angulo basal anaranjado castano palido y con una mancha semidiscoidal blan- 
quecina, situada cerca del angulo apical del corium ; conexivo y los segmentos 
dorsales del abdomen de color pardo rojizo obscuro; artejos antenales I a III pardo 
rojizos y con la union basal del I anaranjado castano; artejo antenal IV pardo 
rojizo y con el tercio distal anaranjado-amarillo obscuro. Coloracion ventral: 
Negro, con los acetabulos de los tres pares de patas y el margen posterior de la 
matapleura de color anaranjado castano obscuro; artejos rostrales I a IV anaran¬ 
jado castano palido y con el apice del IV negro. Patas: Anaranjado rojizo castano 
brillante; espina externa de los trocanteres y espinas del femur y de la tibia anterior 
negras. 

Pubescencia: Dorsalmente con una densa pilosidad dorada, conformada por 
pelos largos y erectos; ventralmente con la cabeza y el torax casi glabros y con 
los esternitos abdominales recubiertos por una densa pilosidad dorada, recostada 
contra la superficie y con algunos pelos erectos. 

Cabeza: Longitud total: 0.86; distancia preocular: 0.62; anchura a traves de los 
ojos: 1.02; longitud de los artejos antenales: I, 0.66; II, 1.15; III, 0.99; IV, 1.15; 
puntuaciones abundantes y compactadas; rostro alcanzando el tercio medio de la 
metacoxa y con el I artejo rostral apenas tocando el borde prostemal. Torax: 
Pronoto: Longitud total del lobulo anterior: 0.99; longitud total del lobulo pos¬ 
terior: 0.52; anchura a traves de los angulos frontales: 0.86; anchura a traves de 
los angulos humerales: 1.74; cercanamente cuadrangular; borde anterior suave- 
mente concavo; bordes anterolaterales emarginados y algo convexos a casi rectos; 
angulos frontales redondeados; angulos humerales romos, convexos y no salientes; 
borde posterior ampliamente concavo; lobulo anterior redondeado, convexo, es- 
casamente punteado y visto lateralmente poco elevado o globoso, lobulo posterior 
piano, rectangular y profusamente punteado. Patas: Femur anterior armado ven¬ 
tralmente con una doble hilera de espinas y donde la hilera externa esta provista 
de dos espinas de gran talla, que sobresalen entre las demas; tibia anterior curva 
y armada ventralmente con una hilera de espinas; tibia posterior provista de una 
pubescencia plateada entre la que sobresalen cerdas largas y erectas y con una 
longitud mayor que el diametro de la propia tibia. Escutelo: Longitud: 1.14; 
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Figura 3. Vista dorsal de Eremocoris extremus Brailovsky y Cervantes, especie nueva. 


anchura maxima: 1.03; disco provisto de puntuaciones abundantes y de algunas 
estrias transversas. Hemelitro: Macroptero, alcanzando la base del VII segmento 
abdominal; borde costal emarginado y suavemente curvo; angulo apical truncado 
y corto; borde apical recto. Longitud total del cuerpo: 6.41. 

Macho. — Cabeza: Longitud total: 0.86; distancia preocular: 0.62; anchura a 
traves de los ojos: 1.02; longitud de los artejos antenales: I, 0.74; II, 1.23; III, 
1.05; IV, 1.19. Pronoto: Longitud total del lobulo anterior: 1.01; longitud total 
del lobulo posterior: 0.43; anchura a traves de los angulos frontales: 0.86; anchura 
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a traves de los angulos humerales: 1.86; lobulo anterior visto lateralmente globoso 
y conspicuamente elevado sobre el lobulo posterior y el escutelo. Escutelo: Lon- 
gitud: 1.14; anchura maxima: 1.07. Hemelitro: Macroptero alcanzando el apice 
del abdomen. Longitud total del cuerpo: 6.18. 

Holotipo hembra.— MEXICO: Puebla: km 27, carretera Puebla-Perote (Ve¬ 
racruz), recolectado por H. Brailovsky y E. Barrera el 12 de septiembre de 1986. 
Depositado en IBUNAM. 

Paratipo macho.— Mismos datos que el holotipo. Depositado en IBUNAM. 

Discusion. — El caracter dimorfico de esta nueva especie de la cual solo se conoce 
un macho y una hembra aqui descritos, se limita al aspecto del lobulo anterior 
del pronoto y al desarrollo de los hemelitros. En la hembra el hemelitro alcanza 
el tercio basal del VII segmento abdominal y el lobulo anterior del disco pronotal 
es algo convexo y nunca pronunciadamente globoso como ocurre en el macho, 
cuyo hemelitro se extiende hasta el apice del abdomen. El color anaranjado castano 
palido del corium y del clavus de la hembra se toma mas obscuro en el macho. 

Esta bella y delicada especie se segrega de los demas taxa por tener la cabeza 
y el pronoto practicamente de color negro brillante, por el aspecto general del 
propio pronoto, con los margenes anterolaterales convexos y el lobulo anterior 
del disco pronotal algo globoso (hembra) a definitivamente globoso (macho) y 
por la coloracion hemelitral. 

E. setosus Blatchley se acerca, sin embargo en este el disco pronotal es de tonos 
mate y el cuerpo esta conspicua y densamente piloso en comparacion con el de 
E. extremus Brailovsky y Cervantes, especie nueva. La membrana hemelitral de 
E. setosus tiene el margen apical de color amarillo blanquecino sucio y en la nueva 
especie es enteramente negra. E. semicinctus Van Duzee, tiene el pronoto cons¬ 
picuamente mas dilatado y ensanchado transversalemente y los margenes ante¬ 
rolaterales son amarillos y no negros como en E. extremus. 

Etimologia. —El nombre especifico es alusivo a la variation extrema en el de¬ 
sarrollo alar. 
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The Genus Allorhinocoris in North America 
(Heteroptera: Miridae: Mirinae) 
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Abstract. — All published records of Allorhinocoris flams (Sahlberg) from North 
America are in error and are correctly associated with A. speciosus Bliven. Dis¬ 
tinguishing features including illustrations of the male genitalia of both species 
are provided. A dorsal habitus of the male of speciosus is presented. The lectotype 
for Calocoridea virescens Poppius is designated. 


The species of Allorhinocoris are large (length 7.30-8.50 mm) mostly yellowish- 
green mirines with simple, black setae and live on a wide variety of hosts. In the 
Pacific Northwest and northern California Allorhinocoris can be confused with 
the superficially similar species Calocoris norvegicus (Gmelin) and Lygocoris pa- 
bulinus (Linnaeus). However, Allorhinocoris is distinguished from these species 
by its larger size, unmarked pronotum with carinate lateral margins, and male 
genitalia. Reuter (1876) established Allorhinocoris to accommodate the mirine 
species, Conometopus prasinus Fieber (now Apantillius Kiritshenko). Sahlberg 
(1878) subsequently described this taxon as flams. Oshanin (1910) recognized 
that Reuter had misidentified prasinus Fieber and designated flams as the type 
species of Allorhinocoris. 

Poppius (1915) erected the monotypic genus Calocoridea to accommodate his 
new species virescens based on specimens from Darjeeling (Dardjiling), India. 
Carvalho (1952) synonymized Calocoridea with Allorhinocoris. Poppius (1915) 
did not mention how many specimens were before him at the time he described 
virescens. However, in the Zoological Museum, University of Helsinki, there are 
two females with the identical locality label (MUSEUM PARIS, DARDJILING, 
HARMAND 4741-86 ) as in the original description. One female bears the hand¬ 
written label: Calocoridea virescens n. gen et sp., and a museum type no. 1 [?]0072, 
while the other female has no additional labels. Herein, we designate the female 
with the handwritten label as the lectotype of virescens, the other female as a 
paralectotype, and have labeled each respectively. 

We have examined the holotype of virescens and agree with Carvalho (1952) 
in placing it in Allorhinocoris. Allorhinocoris virescens possesses all the diagnostic 
characters of the genus: green general coloration; sparsely distributed, short, black 
simple setae; laterally carinate pronotum; long first antennal segment; and sulcate 
frons. No males of this species are known, but we predict that when one is collected 
the genitalia will be of the same form as the other two species illustrated herein. 
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In addition to its isolated distribution, virescens is distinguished from flavus and 
speciosus by the completely rounded anterior angles of the pronotum, red veins 
of membrane, and small black markings on the humeral angles of the pronotum, 
and apices of the cuneus. 

The distribution of flavus in the Palearctic Region is uncertain. It has been 
recorded from as far west as Switzerland, although this record is in doubt (Wagner, 
1971). It is known from western Soviet Union between ca. 45° and 70°N latitude, 
Siberia (Kerzhner, 1967), and from the eastern Soviet Union from 120° to 50°E 
longitude in the Amur River area (Kerzhner, 1988). However, Josifov and Ker¬ 
zhner (1972) did not record this species from Korea nor did Lindberg (1927) 
record it from far eastern Russia. 

Van Duzee (1916a, 1916b) first reported flavus in a checklist of, and key to, 
the mirid genera of North America. This record was apparently based on a single 
specimen collected in Oregon (Knight, 1927). It was also reported from the Sis¬ 
kiyou Mountains of northern California by Knight (1927), and Kelton (1959) 
illustrated the male genitalia of a specimen from the Cascade Mountains in south¬ 
ern Washington. 

Bliven (1960) described a new species speciosus from northern California. It 
appeared to us that Allorhinocoris in North America consisted of two species, one 
predominately Palearctic with an extension into the Pacific Northwest, and an 
endemic species restricted to the coastal mountains of northern California. 

Herein, we clarify the identity of the species of Allorhinocoris in North America 
and summarize information on its distribution and habits. 

Allorhinocoris speciosus Bliven 
(Figs. 1, 2b, 3h-n, 4) 

Allorhinocoris flavus, Van Duzee, 1916a:38 (checklist); 1916b:207 (key to genus); 

1917:321 (catalog). Knight, 1927:43 (distribution). Kelton, 1959:19, fig. 33a- 

c (male genitalia). 

Allorhinocoris speciosus Bliven, 1960:37, figs. 6, 6a, b (new species). 

Diagnosis.— Specimens of flavus from near the Derkul River in the Ukraine 
and Loginovo near the Ural Mountains provided by Dr. I. M. Kerzhner allowed 
us to compare this species with speciosus. The most striking distinction between 
the two species is the sexual dimorphism of flavus’, the males are macropterous 
and the females are submacropterous (the cuneus and membrane are reduced with 
the membrane just surpassing the apex of the abdomen in dorsal view). The sexes 
of speciosus are not dimorphic. Additionally, flavus and speciosus may also be 
distinguished by differences in coloration, and structure of the head, pronotum, 
and male genitalia as follows: 

(1) Allorhinocoris flavus is uniformly yellowish green, and without the various 
fuscous markings of speciosus, as described in “Color variation” (see Fig. 1). 

(2) The longitudinal sulcus of the vertex is practically obsolete in speciosus and 
strongly present in flavus. 

(3) The anterolateral angle of the pronotum is prominent in flavus and extends 
anteriorly to almost even with the anterior margin of the collar (Fig. 2a). This 
region of the pronotum in speciosus is produced, but does not surpass the posterior 
sulcus of the collar and disk (Fig. 2b). 
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Figure L Allorhinocoris speciosus, dorsal habitus of male 































VOLUME 65, NUMBER 3 


369 



Figure 2. a, b. Dorsal view of left anterolateral angle of the pronotum. a . flavus. b. speciosus. 


(4) The shaft of the left paramere of flavus is smooth (Fig. 3 c), where as that 
of speciosus is tuberculate (Fig. 3j). Other species specific differences can be noted 
on the left paramere (see Fig. 3a-c for flavus as compared to Fig. 3h-j for speciosus). 

(5) The apex of the right paramere is more elongated in flavus (Fig. 3d, e) than 
in speciosus (Fig. 3k, 1). 

(6) The lobal sclerite of the vesica of flavus is truncate and broad, with linearly 
arranged spinulae (Fig. 3f, g), and without a patch of basally spinulae in posterior 
view (Fig. 3f). The lobal sclerite of speciosus is rounded and narrower, with densely 
distributed spinulae (Fig. 3m, n), and with a patch of spinulae basally in posterior 
view (Fig. 3m). 

As none of the specimens we examined from North America have the features 
of flavus as described above, we believe that only speciosus occurs in the Nearctic 
and that all previous published reports of flavus from this region (Knight, 1927; 
Kelton, 1959; Van Duzee, 1916a, b) are in error. Kerzhner (pers. comm.) concurs 
with our conclusion that the two species are distinct. 

Color variation. —Typically, speciosus is light yellowish green, with tarsi, tibia 
apically, antennal segment 2 distally and all of segments 3 and 4 entirely fuscous. 
Several specimens from four localities in southern Oregon are slightly darker and 
show the following distinct color pattern: antennal segment 1 entirely dark; frons 
with two oblong fuscous patches parallel to, and bordering the midline; tylus with 
triangular fuscous spot basally; depression between calli fuscous; scutellum with 
faint fuscous stripe on midline; coxal cleft with dark black spot; dorsal, ventral 
and anterior surfaces of femora with light brown spots. This color pattern is found 
in both sexes, but is more defined in males (in which the parameres are also 
fuscous). We believe that the variable coloration of speciosus is without taxonomic 
significance, as the male parameres and vesicae of the patterned individuals do 
not differ from those of the lighter individuals. Specimens from other areas display 
some but not all of the above attributes. 

Specimens examined. —Unless noted otherwise all specimens are deposited at 
Oregon State University (OSU) (see Fig. 4 for distribution map).— California: 
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Figure 3. a-n. Male genitalic structures, a-g. flavus. a-c. Left paramere. a. Dorsal view. b. Lateral 
view. c. Distal view, d, e. Right paramere. d. Lateral view. e. Interiolateral view, f, g. Lobal sclerite 
of vesica, f. Posterior view. g. Anterior view. h-n. speciosus. h-j. Left paramere. h. Dorsal view. i. 
Lateral view. j. Distal view, k, 1. Right paramere. k. Lateral view. 1. Interiolateral view, m, n. Lobal 
sclerite of vesica, m. Posterior view. n. Anterior view. 


Humbolt Co.: Blocksburg, June 13, 1935, H. J. Rayner, 1 2 (CAS); Dinsmores, 
B. P. Bliven: June 4, 1939, 2 <5, 4 2; June 9, 1940, 1 2; June 21, 1942, 1 3; June 
21, 1942, 2 3, 4 2 (all paratypes, CAS); Ft. Seward, May 23, 1935, E. W. Baker 
and M. A. Cazier, 1 3, 1 2 (AMNH); Laribee Valley, June 26, 1938, B. P. Bliven, 
6 3, 9 2 (paratypes, CAS); mountains nr. Korbel, July 20, 1929, E. C. Van Dyke, 

1 2 (CAS); Redwood Crk., Mad River Divide, July 3, 1931, 1 2 (CAS). Mendocino 
Co., Ukiah, Purdy’s Mayakane Range, June 20, 1937, I. McCracken, 9 3, 18 2 
(CAS). Nevada Co.: Donner Lk., June 3, 1935, I. McCracken, on thistle, 4 3, 11 

2 (CAS); 12 mi S of Grass Valley, May 11, 1930, E. P. Van Dyke, 1 2 (CAS). 
Siskiyou Co.: Mt. Eddy, July 24, 1980, ex Lupinus croceus, 1 3, 1 2 (USNM); 
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Willow Crk. Mt., Shovel Crk. Meadow, Aug. 10, 1962, W. Peters and J. Schuh, 

3 <5, 4 2; Siskiyou Co., June 1, 1911, F. W. Nunenmacher, H. H. Knight collection, 

1 5 (det. H. H. Knight; USNM). Sonoma Co., Mark West Sprgs., May 11, 1930, 
E. P. Van Dyke, 1 $ (CAS). Tehama Co., 21 mi NW of Red Bluff on Rt. 36, Apr. 
26, 1980, Russell and Schwartz, 4 3, 2 2 (AMNH). Toulumne Co.: 10 mi NW of 
Yosemite, July 21, 1946, 6000 ft, H. P. Chandler, 2 <3 (CAS). Trinity Co.: Carville, 
June 20, 1913, E. C. Van Dyke, 1 <3 (CAS); Van Duzen Rd., B. P. Bliven: June 
5, 1949, 3 2; June 25, 1944, 1 3; June 26, 1960, 2 3, 3 2; July 6, 1952, 2 2 (all 
paratypes, CAS); Zenia, June 19, 1935, H. J. Rayner, 1 <3 (CAS). Oregon: Benton 
Co.: Mary’s Peak: July 12, 1963, P. Oman, 1 <3; Aug. 1, 1975, W. N. Mathis, 3 
<3, 1 2; Aug. 7, 1968, 1 <3; below summit, 3350 ft, Aug. 10, 1971, J. D. Lattin, 2 
3, 3 2. Clackamas Co.: Mt. Hood: 5500 ft, September 9, 1976, J. D. Lattin, 1 3, 

1 2; 1 mi below Timberline Lodge, Aug. 9, 1976, J. D. Lattin, 1 8, 1 2. Deschutes 
Co., Deer Crk., 4600 ft, Aug. 9, 1935, H. A. Scullen, H. H. Knight collection, 1 
9 (USNM). Hood River Co. /Cooper Spur, July 17,1978, J. Schuh, 1 8 ,1 2 (AMNH); 
Hood River Meadows, 35 mi S of Hood River, July 28, 1965, K. Goeden, 3 8, 

4 2; Mt. Hood, Alpine Cmpgrd., 5500 ft, Aug. 24, 1980, J. D. Lattin, 16 <3, 8 2; 
28 mi S of Hood River, July 3, 1970, K. Goeden, 1 8; 12 mi S of Parkdale, Aug. 

13, 1943, Schuh and Rieder, 1 8 or 2. Jackson Co.: Ashland Pk., 6500 ft, Aug. 6, 
1950, B. Malkin, 2 <3, 1 2 (CAS); Colstine Rd., near Siskiyou Summit, 3900 ft, 
July 17, 1988, A. Asquith, 1 <3; Dead Indian Rd., July 2, 1975, B. Somney, 1 <3; 
nr. Dead Indian, Soda Sprg., June 23, 1978, J. Schuh, 1 8 (AMNH); Green Sprgs. 
Summit, Hwy. 66, 4500 ft, July 17, 1988, A. Asquith, ex Vicia sp., 1 3, 2 2; 
Huckleberry Mt., 5500 ft, Aug. 4, 1951, B. Malkin, 2 3, 2 2 (CAS); Larkspur 
Sprgs., July 6, 1958, F. M. Beer, ex Ceanothus, 1 2; 6 mi W of Lincoln, 2 mi W 
of Pinehurst, June 22, 1956, G. R. Ferguson, 1 3, 1 2; Moon Prairie, July 29, 
1962, J. D. Vertrees, 2 3, 1 2 (AMNH); Mt. Ashland, June 20, 1975, L. Russell, 

1 2; Mt. Ashland Rd., 4 mi from Ashland, Aug. 10, 1962, L. G. Gentner, ex Aster, 
4 3, 3 2; Mt. Ashland Rd., 2 mi W of Colestine Rd., ex Penstemon sp., A. Asquith, 
3 3, 1 2; Pinehurst, 3400 ft, June 24, 1971, P. Oman, 1 2; 0.5 mi E of Pinehurst, 
ca. 3550 ft, June 27, 1979: M. D. Schwartz, sweeping undisturbed natural vege¬ 
tation, 1 3 (AMNH); R. T. and J. Schuh, ex Lupinus, 1 3, 5 2 (AMNH). Roxy 
Ann Peak, nr. Medford, June 24, 1970, Brown and Wescott, 1 3 Siskiyou: June 

14, 1958, Kelton and Madge, ex lupine, 8 3, 1 2 (CNC); July 5, 1951, B. Malkin, 

2 3, 2 2 (CAS). Siskiyou Summit: June 24, 1974, R. L. Fischer, 1 3, 1 2; on 1-5, 
July 4, 1982, T. J. Henry and G. M. Stonedahl, ex Wyethia amplexicaulis, Phacelia 
hastata, P. heterophylla, 4 3, 2 2 (AMNH); 8 3, 5 2 (USNM); 0.5 mi S of Siskiyou 
Summit, Old Hwy. 99, 4300 ft, June 27, 1979: J. D. Lattin, ex Phacelia, 5 3; R. 
T. and J. Schuh, on herbaceous understory, 15 3, 11 2 (AMNH); M. D. Schwartz, 
ex Phacelia and Wyethia, 14 3, 9 2 (AMNH); G. Stonedahl, ex Wyethia amplex¬ 
icaulis and Phacelia hastata, 11 3, 6 2 (AMNH) 8 mi S of Siskiyou Summit, Old 
Hwy. 99, 4300 ft, June 29, 1977, J. D. Lattin, ex grass, 1 3, 1 2. Josephine Co.: 
Grants Pass, June 8, 1930, A. R. Rolfs, 1 3 (WSU); Oregon Caves, June 26, 1970, 
P. Oman, 3 3, 1 2; Oregon Caves, 3900 ft, June 27, 1972, 1 3, 3 nymphs; T41S, 
R6W, Sec. 7, Aug. 9, 1979, G. Stonedahl, 1 3 (AMNH). Klamath Co.: Crater 
Lake Nat’l. Park, near Red Cone, Aug. 3, 1968, Goeden and Wescott, 1 2; Lake 
of the Woods, 5000 ft, July 21, 1930, H. A. Scullen: 1 2 (OSU); H. H. Knight 
collection, 1 3, 2 2 (USNM); Pelican Butte, 1400-2200 m, July 16, 1979, R. T. 
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Figure 4. Distribution of Allorhinocoris speciosus. 


and J. Schuh, 5 <3, 5 9, 10 nymphs (AMNH). Lane Co.: Ray Crk., 8 mi S of Waldo 
Lk., July 26, 1972, L. Russell, 1 <3. Lane-Linn Cos.: H. J. Andrews Experimental 
Forest, 11 mi NE of Blue River: July 29, 1981, J. D. Lattin, 2 <3, 1 9; Aug. 13, 
1981, 1 8, 5 9; July 16, 1988, A. Asquith, ex Linnaea borealis, 3 9. Linn Co.: Iron 
Mt., 6 mi E of Upper Soda, 5000 ft, Aug. 11, 1962, R. L. Fischer, 3 <3, 10 9; 
Monument Peak, 4400 ft, July 23, 1961, D. R. Smith, 1 <3 or 9; Mt. Jefferson, 
Pamelia Lk. Trail, 3000 ft, July 25, 1907, J. C. Bridwell: 1 <3 (OSU); 1 9 (CAS), 
H. H. Knight collection, 1 6 (USNM). Tombstone Prairie, Aug. 22, 1975, W. N. 
Mathis, 1 <3, 2 9. Washington: Kittitas Co., Wenatchee Nat’l. For., Hyas Lk. Trail, 
4200 ft, July 15, 1979, Schwartz, sweeping undisturbed natural vegetation, 2 <3 
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(AMNH). Yakima Co., Rainier Nat’l. For. [sic Mt. Baker—Snoqualmie Nat’l. 
For.], Lodgepole Camp[ground], Aug. 10, 1932, A. R. Rolf, H. H. Knight collec¬ 
tion, 2 6 (CNC, USNM). 

Distribution and habits. —Allorhinocoris speciosus occurs in the Coast and the 
Cascade Mountain ranges of western North America, from Toulumne County, 
California in the south to Pierce County, Washington in the north (Fig. 4). It is 
possible that speciosus will eventually be found further north in British Columbia 
and southern Alaska. 

This species occurs at relatively high elevations, and is commonly taken above 
1524 m (5000 ft). We have no records of it from below 914 m (3000 ft). Similarly, 
flavus occurs in the mountains of midlatitude Eurasia, but is also found in northern 
boreal habitats, whereas speciosus has not yet been recorded from higher latitudes 
in North America. As expected with most species inhabiting higher elevations, 
speciosus is active from mid to late summer. In California, specimens have been 
collected from mid May to early August, and in Oregon from late June to early 
September. Nymphs and adults were taken on June 27 from Josephine County 
in southern Oregon. The majority of specimens have been collected between July 
15 and August 15. 

Indications from the literature and the collection records on hand suggest that 
is Allorhinocoris is polyphagous. Bliven (1960) reported that most of his specimens 
were collected on snowberry ( Symphoricarpos, Caprifoliaceae). Specimens ex¬ 
amined for this study were collected on Linnaea borealis (Caprifoliaceae), Phacelia 
hastata, P. heterophylla (Hydrophyllaceae), Vicia sp. (Fabaceae), and Wyethia 
amplexicaulis (Asteraceae). In the laboratory, specimens were observed feeding 
on the stems and flowers of L. borealis. Both nymphs and adults were collected 
on Scrophularia sp. (Scrophulariaceae) on Mary’s Peak, Oregon and another series 
of adults on Penstemon spp. (Scrophulariaceae) on Mt. Ashland, Oregon. Speci¬ 
mens were usually taken from low herbaceous plants in cool, moist shaded areas. 
In Russia, flavus has been reported to feed on Caragana and other legumes 
(Kerzhner, 1967, 1988). Our observations may indicate that speciosus is habitat 
specific rather than host-plant specific. 
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Notes on the Biology of Efferia wilcoxi (Bromley) 

(Diptera: Asilidae) 

Henry A. Hespenheide 

Department of Biology, University of California, Los Angeles, California 90024. 


Abstract.—Efferia wilcoxi was studied intensively in late May 1985, east of 
Portal, Cochise County, Arizona. Censuses showed flies to be more active in the 
late morning and to take prey at similar proportions through the day. Females 
appeared to outnumber males. Reproductive activities observed included search¬ 
ing flights by males during which they buzzed their wings, two copulations, and 
oviposition behavior by females; these are each similar to patterns described by 
Dennis et al. (1986) for other species of Efferia. Cicadellidae were the most 
frequent prey, but chalcidoid Hymenoptera, small flies, and Hemiptera (Heter- 
optera) were also relatively frequent. Striking differences in proportions of prey 
types in different years suggest the flies feed opportunistically. Cannibalism was 
observed. 


The recent review of the ethology of the genus Efferia by Dennis et al. (1986) 
points out that only about 10% of the species in that large genus have been studied 
in any detail for their behavior and ecology. Efferia wilcoxi (Bromley) is a relatively 
common if somewhat local species active in the spring in the vicinity of the 
Chiricahua Mountains of southeastern Arizona and is unusual in being one of the 
smallest members of the genus (Wilcox, 1966). Because it is an extreme form, it 
is of special interest to compare its ecology and behavior with that known for 
more typical species. During the spring of 1985 I located a small population of 
Efferia wilcoxi about 3 km east of Portal, Arizona, and spent several days observing 
it in some detail. These and previous observations are reported here as part of 
an ongoing study of the Asilidae of Cave Creek Canyon and vicinity (Hespenheide 
and Rubke, 1977; Hespenheide et al., in prep.; Weeks and Hespenheide, 1985; 
and Hespenheide, unpubl.). 

Study Site and Methods 

Efferia wilcoxi was studied intensively during the period of 18-28 May 1985 
at a site 1370 m (4500 ft) in elevation along the Portal Road about 3 km ESE of 
Portal, Cochise County, Arizona. The species is locally common in areas of sparse 
plant cover in the vicinity of Portal at the mouth of Cave Creek Canyon and on 
the plains that slope gently down to the San Simon River valley, as well as 
upcanyon in open areas at least as high as the Sunny Flat Campground of the 
National Forest Service (1550 m). The study site east of Portal is fairly heavily 
grazed and the dominant plants are the shrubs Prosopis juliflora (Sw.) DC. and 
Ephedra trifurca Torr., the perennials Gutierrezia microcephala (DC.) Gray and 
Isocoma tenuisecta Greene, as well as the annuals Baileya pleniradiata Harv. and 
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Gray, Eriastrum diffusion (Gray) Mason, Centaurea melitensis L., Erodium ci- 
cutarium (L.) L’Her., Solanum sp., and Eriogonum sp. Bailey a was in flower 
during the study period; other plants in the vicinity include Acacia constricta 
Benth. and a variety of annual grasses and herbs. 

Flies were observed and counted over a census trail of about 150 m which 
paralleled the Portal Road; about % of the route was on the shoulder of the road, 
and the rest on a slight incline oblique to it. A total of 33 censuses were made 
between 0700 and 1700 hr PDT between 20 and 28 May. Flies were counted and 
note was made of sex, whether or not the fly was feeding on a prey item, and any 
reproductive behavior. An attempt was made to collect each prey item by trapping 
the fly under a plastic shell vial, holding the fly until it released the prey, and then 
releasing the fly. A total of 54 prey items were collected in this manner. An 
additional 7 flies with prey were collected at this site in a community study 1-9 
June 1975 (T. W. Sherry, S. J. Wright, and M. Lucszak, unpubl.). Other asilids 
in the census area during late May and early June, at least in some years, include 
Ablautus flavipes, Cerotainiops abdominalis, Efferia argyrogaster, Ospriocerus ab- 
dominalis, Promachus giganteus, Stenopogon duncani, and Stichopogon fragilis. 
Of these, only Efferia argyrogaster and Stenopogon duncani were frequent, and 
both were in much lower density than E. wilcoxi. 

Results and Discussion 

Diurnal activity and behavior. —Figure 1 shows the results of counts along the 
census trail. The overall average of flies per census at 6.5, activity was greater 
than average in the morning between 0800 hr and noon, and lower than average 
in the afternoon. Efferia wilcoxi typically occurs in open, somewhat rocky areas 
and forages from the ground, small rocks, or from leaves or bits of dead vegetation 
within 2-3 cm of the ground. As with most desert Asilidae, the flies thermoregulate 
behaviorally. Although posture was not consistently recorded in the censuses, flies 
are often appressed to a sunny rock surface early in the morning, whereas in the 
late morning and early afternoon they move into shade or up on vegetation (at 
least 4-17% of flies recorded between 1000 and 1600 hr). Interestingly, females 
outnumbered males over all censuses by 169 to 103, or about 1.64:1, even though 
males were often more visible, especially in their searching behavior (below). 
Whether this female-biased sex ratio is a true reflection of the population sex 
ratio, or due to microhabitat, phenological patterns or sampling artefact is un¬ 
known. 

Reproductive behavior of males consisted most obviously of a distinctive 
searching behavior of short “hopping” flights of a few cm each from perch to 
perch. The flight was conspicuously noisy (“buzzy”) and often attracted my at¬ 
tention before the fly was seen. Similar behavior has been reported by Lavigne and 
Dennis (1985) for E. triton (O.S.), but not for any other Efferia species (Dennis 
et al., 1986). Except for the buzzing searching flights, there is no courtship per se, 
and males were observed four times simply to pounce on a female: one of these 
was successful, two were unsuccessful, and in the other case (at 1010 hr) the male 
killed and fed on the female. Such cannibalism is well known on the genus (Dennis 
et al., 1986). Male searching behavior occurred through most of the day, and 
unsuccessful attempts were made at 1342 and 1532 hr. The successful copulation 
occurred at 1633 hr and the male assumed a male-over-female position also typical 
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Figure 1. Diurnal pattern of activity of Efferia wilcoxi (Bromley) near Portal, Arizona. The upper 
portion of the figure gives the average number of flies per census during 1-hr periods; proportion of 
males indicated by shading (no complete censuses taken between 1200 and 1300 hr). The lower portion 
of the figure gives proportion of flies in various activities; upper shaded area = searching males, “O” 
= ovipositing females, lower shaded area (“P”) = flies with prey items; asterisks indicate times of 
observed copulations. 


of the genus (Fig. 2). The copulation lasted 113 sec and the male was observed 
to stroke the abdomen of the female with his posterior legs. The male disengaged 
after the female fluttered her wings. One other copulating pair was discovered in 
progress at 0833 hr about 15 cm above the ground in a Gutierrezia bush. In both 
copulations the female was without prey. Bimodal periods of mating were noted 
in all three species of Efferia studied by Lavigne and Dennis (1985). 

Oviposition or pre-oviposition probing behavior was observed in females 15 
times during this study and on several occasions in previous years (Fig. 3). Of 18 
different recorded sites, 11 were in dead and 7 in live plants or parts thereof. 
Species of plants included Gutierrezia (3 times), Baileya (6 times), Erodium ci- 
cutarium (once), a mustard (Cruciferae; twice), and others not identified. The 
average of eight recorded pre-oviposition probing heights was 8.6 cm. An egg laid 
in the inflorescence of a dead annual, perhaps an Eriogonum species, on 1 June 
1979 1 mi E of Portal measured 0.35 by 0.95 mm. 

Prey.— Although reproductive activities were unevenly distributed, the pro¬ 
portion of flies counted with prey was relatively constant throughout the day with 
slightly higher proportions during the morning and lower proportions at midday 
and in late afternoon (Fig. 1). 

Among all prey recovered, four orders were represented (Table 1): Homoptera, 
Hymenoptera, Diptera, and Heteroptera. Homoptera consisted entirely of cica- 
dellids, and included the following species: Aceratagallia bigeloviae (Baker)—4, 
A. uhleri (Van Duzee)— 1, A. nanella Oman or near—16, A. sp. —3, and Macropsis 
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Figure 2. Copulating pair of Efferia wilcoxi. 


sp.— 1. Hymenoptera were comprised of chalcidoids except for two small bees. 
Diptera included the following taxa: Agromyzidae—3; Cecidomyiidae—2; Bom- 
byliidae, Glabellula sp. —1, Mythicomyia sp. —1; Chloropidae—4. Heteroptera 
included primarily Lygaeidae, except for two small Miridae and one Reduviidae. 

Interestingly, of the 7 prey recorded in the 1975 study, 6 were Heteroptera, 
whereas cicadellids dominated the 1985 samples (25 of 61 prey). This suggests 
that prey “preference” and diet breadth (whether stenophagic or euryphagic) are 
influenced by availability and are not invariant characteristics of a species. This 
is supported by the data of Lavigne and Dennis (1985) and Dennis et al. (1986) 
for the prey of E. cressoni in Mexico and Wyoming, respectively. In the Wyoming 
population flies accounted for 72% of all prey and Homoptera for 11%, whereas 
in Mexico the two groups of prey were both about 36%. This phenomenon might 
be called “ecological euryphagy” by analogy with the “ecological monophagy” of 
herbivorous insects (Smiley, 1978). In both cases diet breadth is determined by 
ecological factors external to the insect which interact with some idealized diet 
preference. Studies of actual preference in a behavioral sense will have to compare 
diets with availability. 

As with most robber flies, females are larger than males, both in total length 
(10.3 mm vs. 9.2 mm; n = 16 and 9, respectively) and in terms of wing length 
(6.2 mm vs. 5.7 mm). Males, however, take on average somewhat larger prey 
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Figure 3. Ovipositing female of Efferia wilcoxi. 


than females (for males, x = 2.49 mm, n = 14; for females, x = 2.36 mm, n = 
44), although sample sizes are not especially large. Table 1 gives sizes of prey and 
shows that mean sizes differ among taxa as has been shown for other asilids (e.g., 
Hespenheide and Rubke, 1977; Weeks and Hespenheide, 1985). 

Comparative ethology. — Dennis et al. (1986) summarize the behavioral ecology 
of 18 Efferia species in their table 1. The observations on E. wilcoxi from this 
study are reviewed in the order of presentation in their table for comparison, as 
follows: E. wilcoxi forages from the soil, usually from perches on small rocks, to 


Table 1. Prey of Efferia wilcoxi (Bromley) near Portal, Arizona. 


Taxon 

n 

Frequency 

Mean ± 

Size (mm) 

SD 

Range 

Homoptera 

25 

41.0 

2.58 

0.46 

1.65-4.0 

Hymenoptera 

15 

24.6 

1.89 

1.11 

1.1-4.55 

Diptera 

11 

18.0 

1.70 1 

0.19 

1 .4-2.1 

Hemiptera 

10 

16.4 

3.58 2 

1.26 

2.45-6.4 

Total 

61 






1 One specimen not measured because of damage. 

2 Two specimens not measured because of damage. 
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capture prey from the air. Prey is immobilized in the air; the method of its 
manipulation was not recorded. Diet is either stenophagic (1975) or euryphagic 
(1985), apparently depending on prey availability; cannibalism was observed. 
Courtship behavior of males consisted of “hopping” searching flights during which 
the wings were buzzed. Copulatory position was male over female, and the male 
was observed to stroke the female’s abdomen; the one complete copulation ob¬ 
served lasted 2 min. Females oviposited in leaves and inflorescences of annual 
plants; duration of oviposition and clutch sizes were not recorded. One egg mea¬ 
sured 0.35 by 0.95 mm. Although smaller than most other Ejferia, E. wilcoxi is 
not especially unusual compared to the other species of the genus reviewed by 
Dennis et al. (1986). The minor elaboration of the searching flights of males, in 
which the wings are buzzed, occurs only in the one other large species E. triton. 
Despite its small size E. wilcoxi appears typical of members of the genus studied 
to date. 
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A Modified Trap Technique for Monitoring 
Reticulitermes Subterranean Termite Populations 
(Isoptera: Rhinotermitidae) 

J. Kenneth Grace 

Faculty of Forestry, University of Toronto, Toronto, Ontario M5S 1A1, Can¬ 
ada. 


Abstract.— Previously described collection units for studying subterranean ter¬ 
mite (Isoptera: Rhinotermitidae) field ecology are either visible above ground, 
disruptive to termite foraging galleries, or designed specifically to accommodate 
the larger foraging populations and greater wood consumption of Formosan sub¬ 
terranean termites. A modification of these trap designs is described that is more 
suitable for field experiments and long-term monitoring in urban areas of the 
predominant North American genus of subterranean termites, Reticulitermes 
Holmgren. 


Subterranean termites in the holarctic genus Reticulitermes Holmgren (Isoptera: 
Rhinotermitidae) are serious pests of urban structures worldwide (Weesner, 1969; 
Edwards and Mill, 1986). In the province of Ontario, the eastern subterranean 
termite Reticulitermes flavipes (Kollar) was first reported in the late 1920’s (Kirby, 
1965), has now been found in 29 municipalities, and is responsible for over a 
million dollars annually in treatments and structural repairs (Grace, 1987). The 
ecology, foraging behavior, and population demographics of this genus are difficult 
to study in the field due to their subterranean gallery systems. Excavation (Howard 
et al., 1982; King and Spink, 1969), and collection of infested wood (Esenther, 
1969; Haverty and Nutting, 1975; Husby, 1980) have been used to investigate 
subterranean termites at rural sites, but are disruptive, preclude further study at 
the disturbed site, and are not practical in most urban settings. 

R. flavipes occurs in and near urban areas in Ontario, and study problems are 
compounded by the possibility of vandalism of field sites. Thus, highly visible 
techniques such as placing toilet paper rolls on the soil surface to monitor termite 
feeding (La Fage et al., 1973) are not practical. Subfreezing winter temperatures 
in the northern regions of Reticulitermes distribution also mandate that traps for 
seasonal monitoring extend into the soil, below the frostline. 

A number of trapping techniques have been described to aggregate and collect 
subterranean termites. Su and Scheffrahn (1986) described an underground col¬ 
lection unit consisting of a wooden box within a short length of polyvinylchloride 
(PVC) pipe, with a plastic cap, that is buried below the soil surface at urban sites 
to monitor Formosan subterranean termite ( Coptotermes formosanus Shiraki) 
activity. Esenther (1980) buried corrugated fiberboard “sandwiches” to collect R. 
flavipes, and La Fage et al. (1983) described a method of extracting subterranean 
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termites from infested wood by placing a short length of PVC pipe containing a 
roll of moistened corrugated fiberboard on top of the wood. French and Robinson 
(1985) employed a similar technique to aggregate the mound-building C. lacteus 
by extending plastic pipes containing rolled corrugated fiberboard into a termite 
mound and attaching a larger section of pipe to the opposite end containing a 
wood sample to be evaluated. 

The collection trap described in this paper is a modification of the above 
techniques, suitable for collecting large numbers of Reticulitermes, long-term pop¬ 
ulation monitoring, and multiple choice feeding assays in the field with different 
substrates. 


Materials and Methods 

Field sites for studying the population demographics of R. flavipes were estab¬ 
lished in spring 1988, at several urban locales in southern Ontario. Two of these 
sites are within the Municipality of Metropolitan Toronto: one in the City of 
Scarborough and the other in the City of Toronto. The Scarborough site is located 
on the bluffs overlooking Lake Ontario, and includes an unimproved park area 
at the edge of the bluffs with a canopy largely consisting of Manitoba (Acer negundo 
L.) and Norway maple (A. platanoides L.), and two residential lots separated by 
a gravel private drive and parking area. The Toronto site is ca. one-half of a city 
block of subsidized housing in the downtown area and consists of semi-detached 
(duplex) homes and small apartment buildings surrounded by a well-kept lawn, 
and bisected by a paved laneway and parking area. 

In May and June, 1158 white pine (Pinus strobus L.) stakes, each ca. 1.5 x 4 
x 15 cm, were installed at the Scarborough site, and 461 stakes were installed at 
the Toronto site. Each stake was sheathed in a single layer of dampened single¬ 
faced corrugated fiberboard to aggregate foraging termites. In Scarborough, stakes 
were placed in a 1 x 1-m grid throughout the park and garden areas and a portion 
of the parking area, and along fences. In Toronto, stakes were placed at 2-3-m 
intervals along all fences and paved areas, and around buildings, stumps and trees. 
Termite activity in the stakes and cardboard sheaths was monitored at 1-2-wk 
intervals. Where termite activity was noted, the stake was replaced by a collection 
trap, with adjacent traps installed no closer than 2 m. 

The Reticulitermes collection trap resembles that described by Su and Scheffrahn 
(1986) for monitoring Formosan subterranean termites. Using a trenching shovel, 
a hole is excavated of sufficient size to accommodate a 15-cm length of 10-cm 
(4-in.) ID plastic (ABS) pipe, placed vertically with the rim slightly below the soil 
surface. Two 15-cm lengths of 4-cm (lV 2 -in.) ID ABS pipe are then placed next 
to each other vertically within the larger pipe. Each of these smaller diameter 
pipes contains a tightly rolled sheet of moistened single-faced corrugated fiber- 
board (boxboard) as the termite feeding substrate. This material has been em¬ 
ployed by Esenther (1980), French and Robinson (1985), Howard et al. (1982), 
La Fage et al. (1983), and other researchers (e.g., M. Hubbes and D. Trudeau, 
pers. comm.) to aggregate subterranean termites. The larger exterior pipe is then 
capped with an ABS test cap (Niagara Plastics Co.), and the cap covered with a 
thin layer of soil, leaves, or turf. The exterior pipe thus forms a permanent trap 
installation, while the interior pipes are easily removed and replaced with minimal 
disturbance to foraging galleries in the soil. When the interior pipes are removed, 
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Table 1. Number and caste proportions of Reticuliterm.es flavipes foragers in traps monitored on 
the same date in early August at two Metropolitan Toronto sites. 


Site 

Trap 

Number of 


Caste proportions (%) 


termites 

Workers 

Nymphs 

Larvae 

Soldiers 

Scarborough 

S86 

3085 

98.0 

1.3 

0.2 

0.5 


S232 

4220 

96.7 

2.4 

0.6 

0.3 


S242 

3801 

95.2 

3.7 

0.0 

1.0 


S483 

1315 

97.6 

1.0 

0.5 

0.8 


S533 

3948 

94.6 

4.2 

0.5 

0.8 


S538 

1125 

97.4 

1.1 

1.1 

0.4 


S574 

2862 

89.8 

8.2 

1.2 

0.7 


S721 

2888 

98.1 

1.0 

0.0 

0.9 


S723 

2165 

97.0 

2.4 

0.1 

0.5 


S746 

1154 

94.6 

3.5 

1.0 

0.9 


S772 

3618 

99.0 

0.7 

0.2 

0.8 


S777 

2666 

98.3 

0.6 

0.2 

0.9 


S957 

4092 

98.9 

0.8 

0.0 

0.2 


S978 

1998 

98.9 

0.7 

0.1 

0.4 


S1020 

5025 

97.5 

1.7 

0.4 

0.4 


S1035 

3884 

98.2 

1.2 

0.0 

0.6 


S1037 

2930 

97.8 

1.2 

0.2 

0.7 


S1041 

3077 

98.6 

0.7 

0.1 

0.6 


S1080 

2180 

98.6 

0.3 

0.6 

0.5 


SI 103 

704 

97.3 

0.7 

0.4 

1.6 

Toronto 

T59 

326 

95.1 

0.6 

0.0 

4.3 


T216 

2206 

96.6 

1.0 

0.4 

2.1 


T218 

437 

98.2 

1.1 

0.0 

0.7 


T223 

2974 

98.2 

1.6 

0.2 

0.1 


each end is capped with a small ABS plastic test cap, and termites are transported 
to the laboratory in the original collection pipe. 

Results and Discussion 

In June through August, 44 traps were installed at the Scarborough site, and 
21 at the Toronto site. During the summer months of peak termite activity, traps 
were monitored at intervals of 3-10 days, and fiberboard in active traps was 
frequently consumed within 5 days. Data from one collection date are presented 
in Table 1. The maximum number of termites recovered from a single two-pipe 
collection unit was 7622. Over 200,000 termites were removed from the Scar¬ 
borough site in soil trap units within one 15-day period. 

A major advantage of this trap design is the ease with which Reticulitermes 
foragers can be removed from the field and transported without mixing collections 
from different traps. R. flavipes collected in the traps are readily transported from 
the field as complete foraging aggregations. A large number of the small pipes, 
with both ends capped, can be stacked in a box or portable cooler without any 
possibility of damage to the insects within them. As long as fiberboard remains 
in the pipes, they can be safely stored for several days in the laboratory before 
processing, or the insects can be frozen within the pipe for permanent preservation. 

In addition to its use in mark-release-recapture studies of Reticulitermes for¬ 
aging dynamics using dye-marked termites (Grace and Abdallay, 1989), moni- 
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toring population demographics, and collecting termites for laboratory investi¬ 
gations, this trap can be used as a multiple-choice foraging arena to expose termites 
simultaneously to several different feeding substrates within a single trap unit. It 
is also possible to autoclave the small pipes with their cellulosic contents and 
place a sterile substrate in the field (paired with a nonsterile pipe, if desired) in 
order to isolate bacteria and fungi associated with Reticulitermes (Zoberi and 
Grace, in prep.), or to examine termite-mediated changes in the composition of 
soil carried into the traps by foragers. 
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Abstract.— The effect of the aphid-specific fungus, Cephalosporium lecanii, on 
three life history parameters of the leafminer parasite, Diglyphus begini (Ashmead) 
were investigated. When treated directly with the fungus (1.4 x 10 6 colony forming 
units/g) or exposed to chrysanthemum leaf surfaces treated with the fungus, no 
effect on parasite longevity was found. However, D. begini adults held on close 
confinement with fungal infected aphids (Aphis gossypii Glover) had significantly 
reduced longevity when contrasted with controls. The presence of fungus-infected 
aphids on whole chrysanthemum plants did not affect pre-oviposition period, 
fertility or longevity of the D. begini parent generation or of their offspring. 


Fifteen species of aphids are reported to attack chrysanthemums, Dendranthema 
grandiflora (Tzevel) worldwide (Blackman and Eastop, 1985) with four domi¬ 
nating as major pests: Aphis gossypii Glover, Mysuspersicae Sulzer, Brachycaudus 
helichrysi Kaltenbach and Macrosiphon sanborni Gillette. In the development of 
an integrated pest management (IPM) program for chrysanthemums, management 
strategies for aphids must be developed and these should be compatible with 
control strategies for other chrysanthemum pests. In England, two aphid control 
strategies are recommended: use of the selective aphicide pirimicarb and use of 
the aphid-specific fungus Cephalosporium lecanii (Zimm.) (Wardlow, 1985). In 
the United States, use of pirimicarb was banned in the late 1970’s, which greatly 
reduced the IPM options for aphid control. Cephalosporium lecanii, while never 
registered in the United States, offers good potential for aphid control especially 
in chrysanthemum production where environmental conditions necessary for the 
development of epizootics are often met (Hall, 1981; Parrella, 1987). 

Although Hall (1985) indicated that C. lecanii was compatible with leafminer 
parasites, no data were reported. In addition, the fungus has been shown to cause 
mortality in the aphid parasite Aphidius matricariae Hal. (Scopes, 1970) and in 
the whitefly parasite Encarsia formosa Gahan (Ekbom, 1979). At present, releases 
of the leafminer parasite Diglyphus begini Ashmead are suggested for control of 
Liriomyza trifolii (Burgess) on chrysanthemums in the U.S. (Parrella and Jones, 
1987). The leafminer is the major pest on this crop and any pesticides used for 
control of other chrysanthemum pest (e.g., aphids) must be compatible with D. 
begini. Ideally, the pesticide should have no effect on adult parasites via direct 
topical application or contact with residues and it should not effect developing, 
immature stages of the parasite. We evaluated the compatibility of C. lecanii with 
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D. begini by determining the direct effect of the fungus on the preoviposition 
period, longevity and fertility of the parasite. The possible influence of C. lecanii 
on the offspring ( F x generation) of exposed parasites was also determined. 

Materials and Methods 

Vertalec®, a commercial formulation of C. lecanii (Tate & Lyle Ltd., England) 
was used as the fungal source. An estimate of spore viability was obtained by 
serially diluting the recommended rate of Vertalec® (2.5 g/liter water), plating 
the dilutions on potato dextrose agar (PDA), then counting the number of colonies 
produced. The effect of C. lecanii on the life history parameters mentioned earlier 
was examined in 2 ways: adults were placed on individual leaves in Munger cells 
and adults were caged with whole chrysanthemum plants in an environmental 
chamber. 

Munger cell study. —Five 1-2-day-old adult D. begini selected from a greenhouse 
colony (Parrella et al., 1989) were confined in a modified Munger cell (Munger, 

1942) . Parasites were subjected to one of the following treatments: 1) parasites 
sprayed with water in a Keams-March knockdown chamber (Kearns and March, 

1943) (5 sec at 10 psi) and placed on an untreated chrysanthemum leaf, 2) parasites 
treated with C. lecanii at the recommended rate (2.5 g/liter water) in a Keams- 
March knockdown chamber (5 sec at 10 psi) and then placed on an untreated 
chrysanthemum leaf, 3) untreated parasites on a leaf treated with the recom¬ 
mended rate of C. lecanii, and 4) untreated parasites on a leaf containing >10 
aphids (A. gossypii) infected with C. lecanii. These aphids were infected by ap¬ 
plications of the recommended rate of C. lecanii in a 133-m 2 chrysanthemum 
greenhouse. Advanced infection was evident in these aphids (hyphae present). 
Each treatment was replicated four times (4 reps., 5 parasites/rep.). A honey and 
water solution (2:1) was present as a food source in the Munger cells throughout 
the experiment. 

Observations of mortality were recorded daily. In addition, parasites which 
died apparently from C. lecanii (hyphae growing from parasite) were placed on 
potato dextrose agar and compared to colonies plated as mentioned above. 

Cage study. — Six hundred rooted chrysanthemums (var. ‘white hurricane’) were 
individually potted (10 x 10 x 10-cm pots) on 5 February 1987 in a 133-m 2 
plastic greenhouse. Plants were grown at 24-27°C under supplementary lighting 
(75-W bulbs) to inhibit flowering. Humidity within the greenhouse was supple¬ 
mented by a MEEII® (MEE Industries Inc., San Gabriel, California) cloudmaker. 
Temperature (described previously) and humidity (>80% RH) within the green¬ 
house were within the range considered optimal by Hall (1985) for infection by 
C. lecanii. 

Many plants within the greenhouse were lightly infested with aphids (A. gossypii ) 
at the time of treatment. However, before treatment, 200 aphid free plants were 
transported to another greenhouse to be used as control plants. One application 
of C. lecanii at the recommended rate was applied using a B & G hand sprayer 
to run off on 3 March 1987. 

Plants were pinched back to five leaves to enable cages to be placed over them. 
Aphids were generally on the adaxial leaf surfaces and heavy infection was noted; 
a count of the aphids was not taken. The first infected aphid was observed on 13 
March 1987 (10 days after application) and on 16 March 1987, 15 plants from 
the treated and untreated groups were exposed daily to separate colonies of L. 
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Table 1. Longevity of Diglyphus begini confined in Munger cells on chrysanthemum leaves under 
the following conditions: 1) leaves water sprayed, parasites untreated; 2) leaves water sprayed, parasites 
treated with Cephalosporium lecanii] 3) leaves treated with C. lecanii, parasites untreated; and 4) 
leaves containing aphids infected with C. lecanii. 


Treatment 

Leaf 

Parasite 

Longevity (days) 

Untreated 

Untreated 

7.65 ± 0.89 

Untreated 

Sprayed with C. lecanii 

9.57 ± 0.76 NS 1 

Sprayed with C. lecanii 

Untreated 

7.52 ± 0.67 NS 

Aphids infected with C. lecanii present 

Untreated 

4.15 ± 0.20* 


1 Means compared to control using Mest (P = 0.05, * P = 0.0001). 


trifolii and then kept in different environmental chambers at 21°C, 14:10 L:D. 
Separate leafminer colonies and chambers were used to avoid transmission of the 
pathogen to untreated plants. In addition, treated plants were held in a chamber 
which set relative humidity at 90% to further promote infection. 

Three to 4 days post-leafminer exposure, a pretreatment count of leafminer 
larvae within leaves was taken. Five to 6 days post-leafminer exposure, when 
leafminer larvae were large (probably third instars), 10 individual plants per 
treatment were covered with an inverted translucent plastic container (1 liter) in 
which the bottom was removed and replaced with screening for ventilation. One 
newly-emerged male and female D. begini were taken from a greenhouse colony 
and placed with each plant and the plant and parasites were covered with a cage. 
Cages of both treatments were held in an environmental chamber at 27°C, 14:10 
L:D and parasites were given new plants of the same treatment on a daily basis; 
dead males were replaced when necessary. After a 24-hr exposure to the parasites, 
plants were cut at the soil line, held in quart size paper cartons (9-cm diameter 
x 17-cm depth) fitted with a glass vial at the top. Emerging leafminers and 
parasites moved into the vial and could be easily counted; these were removed 
daily. To evaluate possible fungal effects on subsequent generations, studies of 
possible sublethal effects on the progeny from both treatment groups were con¬ 
ducted in the same manner as previously described with the exception that these 
Fj parasites were all given clean control plants (no aphids) containing leafminer 
larvae. One day’s production of parasites from the parent generation was collected 
for use in this study. From this emergence, 10 parasites were randomly chosen 
and pre-oviposition, longevity and fertility of these parasites were recorded. Sta¬ 
tistical analysis was performed using a /-test; each variable was compared to the 
control. 


Results 

When plated on PDA, activity of the recommended rate of Vertalec® (2.5 
g/liter water) was found to be 1.4 x 10 6 colony forming units (CFU) per gram. 
Gardner et al. (1984) using Vertalec® at 15 g/liter water found activity to be 10 8 
CFU/g. 

Munger cell study.— The longevity of D. begini where the parasites and chry¬ 
santhemum leaves were treated with water only was 7.65 days (Table 1). Those 
treatments where the chrysanthemum leaf or parasite were sprayed with C. lecanii 
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Table 2. Longevity and fertility of Diglyphus begini when exposed to untreated plants or plants 
infested with aphids infected with Cephalosporium lecanii and their progeny when exposed to untreated 
plants. Plants were previously exposed to leafminers to insure that leafminer larvae were present for 
the parasites. 


Parent generation 

Plants 

n 

Longevity 1 (days) 

X no. of adult 

D. begini produced 
per day 1 

Untreated 

10 

8.4 ± 1.1 

1.7 ± 0.3 

Plants with aphids infected with C. lecanii 

10 

NS 

5.2 ± 1.1 

NS 

2.7 ± 0.6 

F, generation 

Source of F, progeny 

n 

Longevity 1 (days) 

X no. of adult 

D. begini produced 
per day 1 

From untreated group 2 

6 

8.7 ± 3.6 

5.6 ± 0.9 

From group exposed to aphids infected with C. lecanii 2 

9 

NS 

8.1 ± 2.0 

NS 

4.4 ± 0.6 


1 Means are not significantly different (NS) using a f-test (P = 0.05). 

2 F, generation were given untreated plants free of aphids. 


were not significantly different from the control. However, those exposed to A. 
gossypii with advanced fungal infection had a significantly shorter longevity (ca. 
4.0 days). Dead parasites placed on PDA agar, initiated colony formation of C. 
lecanii. 

Cage study. — The preoviposition period of D. begini was ca. 2.3 days for treated 
and untreated groups; no significant differences were found (t- test, P = 0.05). In 
addition, no differences were found in the longevity or fertility for the parent or 
Fj generation of D. begini exposed to either treatment (Table 2). However, more 
young were produced per day by the progeny of both parental groups; this was 
not observed in the caged study (below). 

Both the parent and F ] generation D. begini successfully attacked L. trifolii in 
the caged study (Table 3). Mean percent leafminer mortality per day in the parent 
generation under the infected aphid treatment was significantly greater compared 
to D. begini in the untreated control; however, this may have been caused by 
higher numbers of leafminer larvae in plants used in the infected aphid treatment. 
The Fj generation of either untreated or fungal treated D. begini did not differ in 
their ability to kill leafminer larvae (Table 3). However, overall percent mortality 
of leafminers was greater for the F 1 generation than for the parent generation. 

Discussion 

C. lecanii is a pathogenic fungus which has been separated into strains via spore 
size; a large one which is specific to aphids and a smaller one which attacks 
whiteflies (Samson and Rombach, 1985). Pathogenic fungi are potentially one of 
the most versatile pathogens available in glasshouses. They usually infect large 
host ranges, different stages and ages of host, need not be ingested to become 
infective, are virulent and disperse naturally (Fuxa, 1987). A disadvantage is that 
an initial period of high humidity is required for the germination of the applied 
spores. However, glasshouse chrysanthemum production is particularly suited for 
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Table 3. Mortality of Liriomyza trifolii due to Diglyphus begini during cages study. Mortality 
includes natural mortality plus parasite-induced mortality. 


Parent generation 




Plants 

X no. of 
leafminer larvae 
per plant 1 

x no. of 
leafminers pro¬ 
duced per day 1 

X percent 
mortality of leaf- 
miners per day 1 

Untreated 

10.7 ± 0.5 

6.2 ± 0.6 

0.44 ± 0.04 


* 

NS 

* 

Plants with aphids infected with C. lecanii 

13.7 ± 1.0 

4.8 ± 0.8 

0.62 ± 0.04 

F, generation 




Source of F, progeny 

X no. of 
leafminer larvae 
per plant 1 

X no. of 
leafminers pro¬ 
duced per day 1 

X percent 
mortality of leaf- 
miners per day 1 

From untreated group 2 

15.8 ± 1.2 

2.4 ± 0.5 

0.83 ± 0.04 


NS 

NS 

NS 

From group exposed to aphids infected with C. lecanii 2 

14.9 ± 1.0 

4.2 ± 0.8 

0.73 ± 0.04 


1 * = significantly different using a i-test (P = 0.05); NS = not significantly different using a f-test 
(P = 0.05). 

2 Progeny were given untreated plants free of aphids. 


fungal infection. Normal production practices include covering the crop with black 
polyethylene to restrict day length and stimulate flowering. This depends on the 
latitude, and generally occurs in California from April to September. 

Hall and Burgess (1979) reported Myzus persicae (Sulzer) is not inherently less 
susceptible to C. lecanii than Macrosiphum sanborni (Gillette) due to ecological 
or behavioral factors. Diglyphus begini is also not susceptible, probably due to 
similar reasons. Diglyphus begini usually searches the abaxial surface of chrysan¬ 
themum leaves since L. trifolii mines the upper mesophyll layer (Parrella et al., 
1985). Infected aphids are usually on the adaxial surface of leaves or at the 
terminal. 

Parasites confined to Munger cells with infected aphids survived for a shorter 
time than those in the caged study. Several possible explanations for this are: 1) 
they could readily contact fungal spores and hyphae, as they were exposed to 
undersides of leaves with aphids and hyphae present, 2) spores from the aphids 
may be more infectious than sprayed formulation [however, Hall (1981) stated 
that this was not the case with C. lecanii ], and 3) there simply may be greater 
numbers of active spores available. 

Gardner et al. (1984) suggests Vertalec® could prove to be an effective and 
economical alternative to chemical insecticides for aphid control. Since C. lecanii 
had a negligible effect on D. begini, it could be used in chrysanthemum production 
for control of aphids where this parasite is being used for leafminer control. Hall 
(1981) stated that C. lecanii could not be used prophylactically because of short 
spore longevity; however, Helyer and Wardlow (1987) demonstrated good control 
of A. gossypii and M. persicae on chrysanthemum with frequent low dose appli¬ 
cations of Vertalec, and found this method to be compatible with potentially 
harmful fungicides. 
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Abstract.— Techniques for rearing hepialid moths from egg to adult are de¬ 
scribed. The polyphagous larvae will accept a variety of diets, but do well on 
carrots. Six species in three genera were carried through to late instars. Adults of 
Hepialus humuli Fabricius, “Heptalus” behrensii (Stretch) and Korscheltellus gra¬ 
cilis (Grote) issued after 1 yr, although all may have 2-yr life cycles in nature. 


The immature stages of hepialids are poorly represented in collections. For 
example, larvae are known for only 7 of the 20 North American species, and only 
4 of these have been figured in any detail. Still less has been published on the egg 
and pupal stages. This situation could be ameliorated if greater efforts were placed 
on rearing Hepialidae. Here I describe methods to rear Hepialus humuli ; Phassus 
triangularis Hy. Edwards; Korscheltellus gracilis ; and three species of an unde¬ 
scribed genus, henceforth to be referred to as the “ Hepialus ” californicus group: 
“ Hepialus ” behrensii, “H” californicus Bdv., and “H.” hectoides Bdv. The tax¬ 
onomy and biology of the “H” californicus group are treated in Wagner (1985). 

Egg Collection and Incubation 

Hepialids are arguably the most fecund Lepidoptera. Even small species such 
as Korscheltellus gracilis, with wing spans under 45 mm, can lay up to 590 eggs 
(Wagner and Rosovsky, in prep.). Females of “ Hepialus ” behrensii lay as many 
as 6400+ eggs (Wagner, 1985). The large Australian hepialid, Trictena argentata 
(H.-S.) may be the most fecund lepidopteran—one female released 29,100 eggs 
and died with an additional 15,000 fully developed eggs in her abdomen (Tindale, 
1932). 

Females of most hepialids presumably release ova aerially (for example, Ed¬ 
wards, 1964; Grehan, 1987; Wagner and Rosovsky, in prep.), although a few 
genera oviposit as they crawl or flutter over the surface of the ground (Madge, 
1956; Hardy, 1973, 1974). Confined females readily release ova during evening 
and predawn flights. Where female hepialids come to light, ova can be collected 
from light traps if a killing agent is not employed (Wood, 1970). 

Gravid females will oviposit in virtually any type of container, vials or plastic 
bags with lightly moistened paper toweling work well. Relatively sterile egg col¬ 
lection environments will diminish subsequent losses due to fungal contamination 
during the incubation period. 


1 Present address: Department of Ecology & Evolutionary Biology, U-43, Room 312, 75 N Eagleville 
Road, University of Connecticut, Storrs, Connecticut 06268. 
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The newly laid, cream colored eggs become glossy black within a few hours, 
even if unfertilized. During development the egg shell partially collapses. The eggs 
of Hepialus, “H.” californicus group, Korscheltellus Bomer, and Phassus Walker 
hatch after 10-30 days at room temperature. However, several egg collections of 
the late summer- or early fall-flying Gazoryctra Hubner ( roseicaput Neum. & 
Dyar, n = 2; and two undescribed species, the first from Arizona, n = 3; and the 
second from Washington, n = 2), failed to hatch after 60 days, perhaps because 
the eggs diapause through the first winter. 

Hepialid eggs may desiccate in dry environments (Madge, 1956; Edwards, 1964; 
Martyn, 1960), and hence, survivorship can be enhanced by incubating the eggs 
under high humidities. Three methods proved satisfactory for incubation: leaving 
the eggs in the plastic bag in which they were laid, periodically moistening the 
toweling to keep the internal humidity high; placing sublots of eggs in Petri dishes 
over moistened filter paper; and placing them over recently set plaster. Set plaster 
has the advantage of being nearly sterile and it also helps to maintain high hu¬ 
midity. Fungal contaminants are frequently a problem in saturated atmospheres; 
dividing the eggs into several sublots and providing modest spacing in each con¬ 
tainer will minimize losses. The eggs should be checked daily because the minute 
first instars are susceptible to desiccation and starvation, as well as excessive 
moisture. 


First Instars 

Most, if not all, hepialids are polyphagous, accepting a wide range of larval 
diets including fungi, ferns, and a variety of gymnosperms and angiosperms. For 
example, larvae of “Hepialus” californicus accept a wide range of diets, including 
natural field hosts such as the root crown tissues of Eriophyllum staechadifolium 
Lag., Helenium puberulum DC., Lupinus arboreus Sims, and Rubus L. (Williams, 
1905a, 1905b; Essig, 1926; Wagner, 1985), as well as synthetic diets, e.g., such 
as those used for rearing the codling moth ( Cydia pomonella (L.)) and spruce 
budworms ( Choristoneura Led. spp.) (Wagner, 1985). Larval growth in Korschel¬ 
tellus gracilis was monitored by measuring weight gain of 20 larvae per host over 
a period of 8 wk. Greatest weight increases occurred on carrots and two mosses 
(Sphagnum L. and Polytrichum Hedw.), but excised roots of A bies balsamea (L.) 
Mill., Acer saccharum Marsh., Betula papyrifera Marsh, and Picea rubens Sarg. 
were also accepted. Poorest growth was noted in cultures fed on Dryopteris cam- 
pyloptera (Kunze) Clarkson and Sorbus decora (Sarg.) Hyland (Wagner, unpubl. 
data). 

Carrots offer several advantages: (1) they are inexpensive and always available; 
(2) the tissue lasts for weeks or even months; and (3) they are not especially 
sensitive to mold or bacterial infections. 

At eclosion the first instars (and remaining unhatched eggs) can be scattered 
over a bed of chopped carrots—the pieces ranging from 3 to 15 mm on a side. 
Sandwich boxes lined with paper toweling and a 2-cm layer of carrots work well 
for rearing the early instars. 

There is some evidence that early instar hepialids are mycophagous (Grehan, 
1983, in press). Thus, it may be advantageous to prepare the carrot bed a few 
days in advance of the anticipated larval emergence so that the carrots have a 
light flush of fungal hyphae over their surface. Larvae do well if saprophytic fungi 
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are present in the rearing environment, but bacterial fluxes are detrimental. Re¬ 
place fully soiled sections. Often greater than 90% first-instar mortality occurs 
during the first week. 


Handling Established Larvae 

Leave the immatures in the initial carrot bed for the first two or three instars. 
To enhance survival, transfer the entire carrot piece(s) with the intact larval shelter 
from the carrot bed to either a small vial or jar with three or four carrot pieces. 
Conceal the negatively phototaxic larva by adding fresh carrot pieces. Transfer 
smaller individuals with camel hair brushes. 

Third to Final Instars 

The larvae of cannibalistic species need to be transferred to individual con¬ 
tainers. In Hepialus humuli and “ Hepialus ” californicus the incidence of canni¬ 
balism increased beginning with the third and fourth instars. Wielgus (pers. comm.) 
noted significant cannibalism in his colony of Phassus triangularis. In contrast, 
little cannibalism occurred in Korscheltellus gracilis. 

Larvae of Hepialus humuli, “Hepialus, ” and Korscheltellus appeared fully grown 
after a few months on carrots, but only exceptionally did such larvae go on to 
pupate. Significant numbers of adults were obtained only after the larvae were 
subjected to winter-like conditions. To approximate natural conditions, the larvae 
were wintered outdoors. In late fall, each larva was placed in a cup and covered 
with a 6-8-cm layer of vermiculite, to which a large carrot section had been added. 
A folded paper towel was placed between the cup and cover to serve as a wick to 
draw away excessive moisture. Plastic specimen cups (120 cc) for large species or 
vials (15-50 cc) for smaller larvae worked suitably. 

After the larvae established tunnels in the vermiculite, the cups were moved 
outdoors, away from direct sunlight and exposure to rain. Although hepialid larvae 
may be active at temperatures as low as 2-3°C (Edwards, 1964), under natural 
conditions, larvae presumably avoid freezing temperatures by tunneling deeper 
into the soil (e.g., Chen et al., 1973). Hence, do not expose the immatures to 
prolonged subfreezing temperatures. Expect little winter feeding by any of the 
species. Once every 6-8 wk check for and replace soiled carrots, while leaving the 
larval tunnel intact. A loose moss, such as sphagnum, can be used as a substitute 
for vermiculite. 


Pupation 

As warmer temperatures return, feeding may resume, silk production within 
the tunnel increases, and the larval tunnel is extended to or above the surface of 
the vermiculite. The prepupal larva may even gnaw an emergence hole through 
a thick plastic or wooden lid, and extend the cocoon to this hole. Prior to pupation, 
the distal end of the cocoon is closed with a thin sheeting of silk. 

Once the larval tunnel is closed, the lid can be removed. Prior to emergence, 
place the cups into an enclosure. A loose layer of crumpled toweling over the 
vermiculite provides a secure purchase for the eclosing adults from which to hang 
while pumping up their wings. 
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Length of Life Cycle 

Cultures of Hepialus humuli, “ Hepialus ” behrensii, and Korscheltellus gracilis 
yielded adults after 1 yr; larvae of both “77.” hectoides and “77.” californicus also 
appeared fully grown after a single season of growth. However, under natural 
conditions, these species probably have 2-yr life cycles. For example, Edwards 
(1964) noted that lab colonies of Hepialus humuli matured after 1 yr, while field- 
grown larvae took 2 or even 3 yr to mature. A study of head capsule sizes of 
“ Hepialus ” californicus taken by F. X. Williams at Point Reyes, Marin County, 
California, supported a 2-yr life cycle (N. B. Tindale, pers. comm.). Label data 
of adult captures and larval collections of Korscheltellus gracilis suggest that it 
too has a 2-yr life cycle under natural conditions (Wagner, 1988; Tobi et al., 1988; 
Wagner et al., in press). 


General Comments 

Early instars of six species belonging to three genera were reared on carrot. With 
slight modification the methods should work for other hepialids. This is not to 
say that it will work for all species. For example, late instar larvae of Sthenopis 
auratus (Grote) refused to transfer from ostrich fern (Matteuccia struthiopteris (L.) 
Todaro) to carrot. And it is unlikely that carrots would be consumed by any of 
the foliage-grazing Hepialidae, which can be reared using the methods of Elder 
(1970). 

Potato sections also were accepted by young instars of Phassus triangularis. 
Other subterranean root or stem tissues, e.g., jicama and beet, might be tried as 
alternatives. The simplicity of this technique will be advantageous to many. For 
those with access to insect culturing materials, the semi-synthetic diets suggested 
by Viedma et al. (1986) for lignicolous Lepidoptera offer the advantages of stan¬ 
dardized media. Particular success might be obtained by substituting grated carrots 
for the “specific component” in their second recipe. A similar semi-synthetic diet 
was used by Dodgshun (1970) to rear melolonthiine scarabaeids and hepialids in 
New Zealand. 

A major improvement in this method would be to determine those conditions 
which minimize first-instar mortality. As the eggs are usually broadcast over the 
ground, it seems likely that components of the litter or humus layer must be 
critical for first-instar survival. Early instar litter-feeding has been reported in a 
diversity of hepialids (see review in Grehan, in press). And, in the related Mne- 
sarchaeidae, the larva appears to feed entirely upon forest floor litter (Gibbs, 
1979). Hence, greater success might be achieved by provisioning newly hatched 
larvae with partially decomposed leaf litter, and or other common elements of 
the forest floor such as bryophytes or fungal hyphae. 

Another technique was employed by Edwards (1955, 1964) to rear larvae of 
Hepialus humuli. He placed larvae in individual wells drilled into blocks of set 
plaster of Paris. Sheets of glass were used to cover adjacent cells. Wells for young 
larvae measured l k in. (6.3 mm) in depth and diameter; these dimensions were 
increased to an inch (25.4 mm) for older larvae. Periodically the soiled food in 
each cell was removed and fresh carrot was added. The bottoms of the plaster 
blocks were then placed in water to maintain high (98%) relative humidities within 
the larval cells. 
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A method also needs to be developed for incubating species with an egg dia¬ 
pause. One possibility would be to place the eggs in cavities drilled into wooden 
blocks, which are then placed outside for the winter—a technique which has been 
employed for overwintering nymphalid larvae (Mattoon et ah, 1971). Scattering 
the eggs over clumps of moss might also provide a suitable overwintering substrate. 
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Abstract.— Cross-breeding experiments showed reproductive compatibility 
(production of 9 and 8 progeny) between a California population of Neoseiulus 
californicus and populations of N. “ chilenensis” from either Chile or Peru. The 
results supported previous opinions that chilenensis is a synonym of californicus. 
Reproductive compatibility (based on parental crosses and ¥\ backcrosses) also 
was shown between populations of Phytoseiulus macropilis from California and 
Cook Islands and Typhlodromus annectens from California (CA) and Mexico 
(MX), although in the latter species, the CA 9 x MX 8 parental cross resulted 
only in 8 progeny. The results are discussed in relation to other such studies in 
the Phytoseiidae. 


Both native and exotic species of Phytoseiidae are utilized in the biological 
control of phytophagous mites (McMurtry, 1982). Sources of collections and/or 
cultures of these predaceous mites used in research programs may have originated 
from two or more widely separated geographic areas. Specimens from the different 
areas may appear identical or they may show slight but consistent morphological 
differences, especially in setal lengths. On the basis of external morphology alone, 
it may be impossible to decide whether two or more populations are conspecific 
or if they have diverged to the point where they are reproductively isolated and 
should be considered separate species. 

Laboratory cross-breeding tests to determine the degree of reproductive com¬ 
patibility between populations can aid in making taxonomic decisions. For ex¬ 
ample, two populations of Amblyseius potentillae Garman, one from Italy and 
one from The Netherlands, showed both morphological and biological differences, 
but no reproductive barriers were evident in laboratory tests (McMurtry et al., 
1976). On the other hand, biosystematic studies of an Euseius complex from 
Mexico and Central America (McMurtry et al., 1985) and California (Congdon 
and McMurtry, 1985, 1986), and Typhlodromus species in the pini group (Mahr 
and McMurtry, 1979), have indicated the existence of both allopatric and sym- 
patric species distinguishable morphologically by only small differences, mainly 
in setal lengths. Intraspecific variation in these subtle differences may be as great 


1 Present address: Universidad Autonoma de Nuevo Leon, Faculdad Ciencias Biologicas, San Nico¬ 
las de los Garza, N.L., Mexico. 
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as interspecific variation within some species groups (Mahr, 1979; Mahr and 
McMurtry, 1979; McMurtry, 1980). 

Three species introduced to California for research and field colonization for 
potential control of spider mites were morphologically indistinguishable from 
three California species. The introductions were tentatively identified as: Neo- 
seiulus chilenensis (Dosse) collected in South America, considered by Athias- 
Henriot (1977) to be a junior synonym of N. californicus (McGregor); Typhlodro- 
mus annectens DeLeon, collected in Mexico; and Phytoseiulus macropilis (Banks), 
collected in the Cook Islands. 

To have an additional criterion on which to base decisions regarding the identity 
of these species, we conducted cross-breeding experiments. The results reported 
herein help to clarify the identity and distribution of these three species. 

Materials and Methods 

The following insectary cultures were established, and crosses made: (1) Neo- 
seiulus “chilenensis one stock originating from Urubamba, Cuzco Dept., Peru 
on avocado, and the other from Teno, Curico Prov., Chile on citrus, both collected 
in March 1983; (2) A. californicus, collected near Oxnard, CA on strawberry in 
April 1983, and crossed with the Peru stock in May 1983 and with the Chile 
stock in December 1983; (3) Phytoseiulus macropilis, collected in the Cook Islands 
on an unidentified tree in August 1981, and in Oceanside, CA on Ricinus com¬ 
munis in November 1981, crossed in December 1981; (4) Typhlodromus annec¬ 
tens, collected in Ocozocoautla, near Tuxtla Gutierrez, Chiapas, Mexico on av¬ 
ocado in February 1981, and in Carpinteria, Santa Barbara Co., CA in September 
1981 on avocado, crossed in January 1982. 

Crosses were conducted in the laboratory at temperatures of 23-25°C. Eggs or 
larvae from the stock cultures were isolated in 3.7-ml shell vials containing a layer 
of 2.5% agar at the bottom and closed with ventilated stoppers (McMurtry, 1980). 
Mites were reared to maturity on eggs and larvae of Tetranychus pacificus McGregor 
washed from bean plants (Scriven and McMurtry, 1971). The mature female 
phytoseiids were isolated in clean vials with fresh prey, and individual males from 
the appropriate cultures were added to each vial to initiate the desired cross. Each 
reciprocal cross consisted of 13-18 pairs. Control crosses ( 2 x <3 from the same 
culture) also were made. Vials were examined and eggs recorded for the first 3- 
6 days of oviposition. In the crosses involving P. macropilis and T. annectens, Fj 
eggs or larvae were isolated in vials and reared to maturity and the females 
backcrossed to males of the same stock as the P! 2. 

Results 

N. californicus x N. “chilenensis.” —Reproductive compatibility was evident 
in crosses between the California population of N. californicus and both the Peru 
and Chile populations of N. “chilenensis ” (Table 1). For unknown reasons, the 
oviposition rate was lower in the control crosses than in the California x Peru 
crosses. Moreover, 4 and 3 of the 6 females in the two control crosses failed to 
oviposit, but this was due to inadvertent pairing of 2 females rather than one 
individual of each sex. 

Examination of series of specimens from Peru, Chile and California revealed 
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Table 1. Results of experiments crossing a California population of Neoseiulus calif or nicus (CA) 
with populations of N. “ chilenensis” from Chile (CH) and Peru (PE). 



Cross 

9 X $ 

No. pairs 

9 ovipositing 

No. % 

Jc no. eggs/9/day 

Progeny 
sex ratio 

9:3 

CA 

X 

CH 

15 

14 

93.3 

1.78 ± 0.21 1 

1.24 

CH 

X 

CA 

15 

13 

86.7 

1.44 ± 0.53 

1.41 

CA 

X 

CA 

7 

7 

100 

2.24 ± 0.33 

1.76 

CH 

X 

CH 

7 

7 

100 

1.33 ± 0.73 

2.11 

CA 

X 

PE 

13 

12 

92.3 

3.10 ± 1.7 2 

— 

PE 

X 

CA 

13 

11 

84.6 

3.36 ± 1.9 

— 

CA 

X 

CA 

6 

2 

33.3 

1.72 ± 0.91 

— 

PE 

X 

PE 

6 

3 

50.0 

1.92 ± 1.8 

— 


1 Mean ± SD for first 3 days of oviposition. 

2 Mean ± SD for first 4 days of oviposition. 


no consistent differences in dorsal shield setal measurements or other characters 
such as the spermatheca, ventrianal shield and leg macrosetae. 

In a previous study, mites of a stock from Valencia, Spain were crossed with 
a stock from Oxnard, CA, and no evidence of incompatibility was found (McMurtry 
and Mahr, unpubl.). These and the present studies support the contention of 
Athias-Henriot (1977) that N. chilenensis from South America is the same as N. 
californicus from California, Spain and France, and should be considered the 
junior synonym of californicus. 

P. macropilis. — The results of the Pj crosses and F! backcrosses revealed no 
incompatibility between the Cook Islands (MI) and California (MC) populations 
(Table 2). Progeny production was comparable to that of the controls in all cases. 
Although a lower percentage of the MI £ crossed with MC 6 laid eggs, compared 
with those in the reciprocal cross, all but one of the (MI x MC) hybrid females 
laid eggs in the backcross experiment. 

T. annectens. — Only 23% of the Mexico females (AM) paired with California 


Table 2. Results of crossing experiments involving populations of Phytoseiulus macropilis from 
California (MC) and Cook Islands (MI). 


Cross 

9X5 

No. pairs 

9 ovipositing 

No. 

% 

X no. eggs/9/day 1 



Parental crosses 



MC x MI 

18 

17 

94.4 

2.90 ± 0.76 

MI x MC 

18 

11 

61.1 

2.36 ± 0.49 

MC x MC 

7 

6 

85.7 

2.29 ± 1.13 

MI x MI 

8 

7 

87.5 

2.89 ± 1.02 



F, backcrosses 



(MCMI) x MC 

18 

14 

77.8 

3.50 ± 1.16 

(MIMC) x MI 

17 

16 

94.1 

3.78 ± 0.87 

MC x MC 

7 

3 

42.8 

2.75 ± 2.41 

MI x MI 

6 

5 

83.3 

3.10 ± 0.45 


1 Mean ± SD for first 4 days of oviposition. 
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Table 3. Results of crossing experiments involving populations of Typhlodromus annectens from 
California (AC) and Mexico (AM). 



Cross 

5X3 

No. pairs 

5 ovipositing 

x no. eggs/S/day 

No. 

% 



Parental crosses 



AC 

x AM 

15 

7 

46.7 

1.91 ± 0.46 1 

AM 

x AC 

13 

3 

23.1 

0.62 ± 0.08 

AC 

x AC 

5 

5 

100 

1.44 ± 0.22 

AM 

x AM 

5 

5 

100 

1.04 ± 0.17 



F, 

backcrosses 



(AC x 

AM) x AC 

12 

12 

100 

1.69 ± 0.18 2 

AC 

x AC 

5 

5 

100 

1.65 ± 0.85 

AM 

x AM 

5 

5 

100 

1.14 ± 0.42 


1 Mean ± SD for first 5 days of oviposition (7 days for AM x AC). 

2 Mean ± SD for first 6 days of oviposition. 


(AC) males produced progeny, and the mean rate of oviposition was lower than 
that for the reciprocal cross. All of these progeny developed into males (Table 3). 
Nearly 50% of the AC 9 paired with the AM 6 reproduced, and at a rate at least 
as high as that of the females in the control crosses. Both 9 and <3 progeny were 
produced. Fj hybrid 9 backcrossed to AC <3 all produced progeny of both sexes, 
and their mean oviposition rate was ca. 1.7 eggs/9/day (Table 3). 

The holotype of T. annectens (from Florida) is the smallest specimen (dorsal 
shield length 238 ^m) examined by us and also by Chant and Yoshida-Shaul 
(1984). Setal lengths are also greater for all of our specimens (11 measured) than 
for the holotype. A consistent difference found between the California and Mexico 
specimens was in the length of the peritreme. The mean peritreme length for 12 
CA specimens was 55 pm (range 43-70) and for 12 MX specimens it was 92 pm 
(84-112), compared to 94 for the holotype. The mean dorsal shield length was 
288 pm for CA specimens (276-307, n = 12), and 272 ^m for MX specimens 
(259-289, n= 15). Setal lengths varied little between the two populations, although 
there was no overlap between populations in lengths of 3 pairs of setae: CA 
specimens (n = 5) j5 42 (39-46), z3 40 (39-46), z5 42 (40-51); MX specimens (n 
= 6) j5 36 (33-38), z3 34 (31-37), z5 36 (34-37). 

Because the females in one of the reciprocal crosses (CA x MX) produced 
progeny at a rate comparable to females in control crosses, including female 
progeny which proved to be fertile in the F x backcross, we consider the two 
populations to be conspecific. Specimens from other areas need to be examined 
to determine if there are some populations which have peritreme lengths that are 
intermediate between those of the CA and MX populations. 

Discussion 

These studies support the taxonomic literature indicating that N. californicus 
and P. macropilis have widespread distributions (Moraes et al., 1986). The former 
species is known from 3 continents, mainly in subtropical or tropical regions, and 
from many kinds of agricultural crops, including citrus, apple, grape, bean, cassava 
and strawberry. P. macropilis is common in the Neotropical region, extends into 
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California and Florida, and is known from various Pacific islands, as well as from 
Portugal, Canary Islands and Angola (Moraes et al., 1986). The closely related 
Phytoseiulus persimilis Athias-Henriot also was known from two continents (Ken- 
nett and Caltagirone, 1968) before it was used extensively in biological control 
programs and introduced intentionally to many countries, where it is now estab¬ 
lished (Moraes et al., 1986). 

As P. macropilis occurs on many plants used by man, including sweet potato, 
taro, papaya, cassava, bean, strawberry and tomato, its extensive distribution 
might be attributed to human transport. Because the stock from the Cook Islands 
originated from mites found in colonies of an Oligonychus sp. on a tree, it was 
thought that this could be a biotype which, if established California, might be an 
effective predator of Oligonychus punicae (Hirst) on avocado. However, experi¬ 
mental mass releases of this predator did not result in significant suppression of 
O. punicae (McMurtry et al., 1984), and there is no evidence that permanent 
establishment has occurred in the release areas of southern California (unpubl. 
obs.). 

T. annectens is known only from the New World, mainly from tropical and 
subtropical areas (Moraes et al., 1986). Collections from Ohio, U.S.A. and Prince 
Edward Island, Canada (Chant and Yoshida-Shaul, 1984) seem surprising in this 
context. In California, we have collected it only in coastal areas of San Diego and 
Santa Barbara counties. 

The apparent absence of reproductive barriers between widely separated pop¬ 
ulations of N. californicus or P. macropilis suggests a relatively recent movement 
to new geographical areas or, alternatively, a relative stability of morphological 
and/or physiological characters related to mating and reproduction. Such stability 
cannot be suggested for the Phytoseiidae in general. For example, studies of 
Euseius species indicate the existence of numerous strains with varying degrees 
of incompatibility, as well as species with only subtle morphological differences 
(McMurtry, 1980; McMurtry et al., 1985; Congdon and McMurtry, 1985, 1986). 
With the exception of Euseius finlandicus (Oudemans), one of the few Euseius 
species occurring in temperate climates, intercontinental distribution apparently 
is rare in this genus. For example, each subtropical region of the world seems to 
have a different Euseius species on citrus (McMurtry, 1977). All of this suggests 
a degree of plasticity in the genus Euseius that is greater than that of other groups 
of Phytoseiidae. 

Additional studies of this nature should lead to a better understanding of the 
biogeography and phylogeny of the Phytoseiidae. 
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Repulsion of Three Chalcid Parasitoids of the 
Alfalfa Leafcutting Bee, Megachile rotundata (F.) 
by the Fungicides CAPTAN and BPX 1 

V. J. Tepedino 

USDA, ARS, Bee Biology and Systematics Laboratory, Utah State University, 
Logan, Utah 84322-5310. 


Abstract. — The repulsion of the chalcid parasitoids Pteromalus venustus, Mon- 
odontomerus obsoletus, and Tetrastichus megachilidis by Megachile rotundata cells 
treated with various doses of the fungicides CAPTAN and DPX as 50% wettable 
powders was investigated, as was the duration of repellency. Both compounds 
consistently repelled P. venustus and T. megachilidis at doses of 1-2 mg for up 
to 120 hr (the longest time tested). When these two species did parasitize fungicide- 
treated hosts, they usually deposited fewer eggs than when untreated hosts were 
parasitized. The results for M. obsoletus were significant but less dramatic: CAP¬ 
TAN was repellent only for 24 hr; DPX was repellent for the full 120 hr. An 
equal number of eggs per host were deposited in treated and untreated hosts by 
M. obsoletus. The value of these compounds as repellents will be greatly increased 
if either successfully controls chalkbrood, a fungal disease of M. rotundata caused 
by Ascosphaera aggregata. 


Since its accidental introduction to the east coast of North America sometime 
in the 1930’s, the alfalfa leafcutting bee, Megachile rotundata (Fabricius), has 
colonized and successfully crossed the continent, has become an agricultural star 
of some note as the most important pollinator of alfalfa, Medicago sativa L., in 
the Pacific Northwest and much of Canada, and, as befits any organism with some 
degree of success, has acquired (or perhaps more accurately, reacquired) a large 
suite of enemies. The bee is attacked by a variety of pests, most notably a sequence 
of parasitoids, from Sapyga pumila Cresson (Sapygidae) to several species of 
chalcids, including the torymid Monodontomerus obsoletus Fabricius (formerly 
called obscurus Westwood incorrectly, E. E. Grissell, pers. comm.), the pteromalid 
Pteromalus venustus Walker, and the eulophid Tetrastichus megachilidis Burks 
(subsequently referred to as MO, PV, TM, respectively) (Eves et al., 1980; Rich¬ 
ards, 1984). Efforts to reduce the impact of these enemies have for the most part 
been successful and include a variety of stratagems such as emergence traps, 
ultraviolet light traps, pesticide applications, etc. (Eves, 1970; Torchio, 1974; 
Waters, 1970; Johansen et al., 1973; Brindley, 1976; Parker, 1979; Eves et al., 


1 Contribution from Utah Agricultural Experiment Station, Utah State University, UMC 48, Logan, 
Utah 84322, Journal Paper No. 3695 and USDA, ARS, Bee Biology and Systematics Laboratory, 
Utah State University, Logan, Utah 84322-5310. 
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1980; Richards, 1984). Nevertheless, PV and TM are still occasionally trouble¬ 
some in isolated outbreaks. 

More recently, the alfalfa leafcutting bee has acquired another, possibly more 
serious, enemy: Ascosphaera aggregata, a fungus that causes chalkbrood, a disease 
which kills immature bees. The rapid spread of this disease in the last 10-15 yr, 
and its attainment of near epidemic status at certain times and places, has pre¬ 
cipitated a flurry of research aimed at converting its advance into a retreat. Results 
thus far have been mixed and research continues. The incidence of chalkbrood 
has declined somewhat but remains high in the Pacific Northwest and has now 
been reported from Canada (Murrell, 1988). 

In experiments designed to test the efficacy of fungicides at reducing the inci¬ 
dence of chalkbrood (Parker, 1985, 1988) it was noticed (Parker and Tepedino, 
unpubl.) that the number of immature bees parasitized by chalcids was lower in 
fungicide-treated nest material than in untreated nest material. Here I report on 
laboratory tests conducted under controlled conditions to determine the doses 
that repel chalcids and the duration of their repellency. 

Methods 

Repellency of fungicides was tested by offering a treated and an untreated bee 
prepupae in choice tests to female chalcids of the species PY, MO and TM. 
Potential hosts were removed from an over-wintering M. rotundata population 
maintained at 3-4°C at this laboratory. Hosts were radiographed (Bitner, 1976; 
Stephen and Undurraga, 1976) so that obviously dead individuals could be de¬ 
tected and removed. 

Two fungicides were used as 50% wettable powders: CAPTAN (Chevron Chem¬ 
ical Co., Richmond, California), and DPX-965, an experimental formulation of 
Carbendazim (E. I. du Pont de Nemours, Wilmington, Delaware). Prospective 
hosts were treated with 0, 5, or 10 mg of fungicide. Dosages were weighed on a 
microbalance, placed in a gelatin capsule with a host and shaken until a fine layer 
of powder coated the leaf envelope that the female parent uses to line the cell. 
Hosts were then removed from the capsules and either used immediately in choice 
tests, or allowed to stand, uncovered, at room temperature in a fume hood for 
24-120 hr before being used. These “delayed” treatments estimated the duration 
of any observed repellency. To estimate the actual dose applied, the fungicide 
remaining in the capsule after removal of the host was reweighed in five replicates 
of each treatment. Average dose applied was obtained by subtraction. 

For PV and MO, both gregarious ectoparasitoids, a freshly-emerged, mated 
female parasitoid was introduced to a glass petri dish whose bottom was covered 
by filter paper to which a treated and untreated host had been affixed with non¬ 
toxic adhesive. Females were kept with the two hosts in the dark for 24 hr. The 
cocoons were then immediately opened and the number of parasite eggs and/or 
larvae were recorded. Replicates in which either host was dead and unparasitized 
were discarded. 

The following modifications were necessary in tests with TM females because 
there are many fewer mature oocytes in the ovarioles of unfed females (Maeta, 
unpubl.). Experiments were conducted in glass tubes (15-cm length, 14-mm di¬ 
ameter) plugged with a cork into which a hole was drilled. A cigarette filter was 
inserted into this hole and a few drops of 30% honey solution was applied to its 
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Table 1. Mean number of eggs deposited, standard deviation, and number of hosts parasitized (n) 
by Pteromalus venustus (A) and Monodontomerus obsoletus (B) in CAPTAN-treated and untreated 
hosts. Single = 0.74 ± 0.27 mg; Double = 1.62 ± 0.7 mg. 





One host parasitized 




Both hosts parasitized 





Untreated 


CAPTAN 


Untreated 


CAPTAN 


Mg 

Hr 

2C 

SD 

n 

X 

SD 

n 

X 

SD 

n 

X 

SD 

n 

(A) 

Single 

24 

13.5 

5.9 

45 

— 

— 

— 

15.8 

5.3 

12 

9.5 

5.7 

12 

Double 

0 

15.9 

6.2 

54 

— 

— 

— 

23.0 

— 

1 

16.0 

— 

1 

Double 

24 

13.6 

5.9 

49 

— 

— 

— 

12.0 

3.3 

5 

6.2 

4.7 

5 

Double 

72 

13.4 

5.5 

51 

— 

— 

— 

18.3 

7.6 

4 

13.0 

6.0 

4 

Double 

120 

15.2 

6.7 

45 

13.7 

0.5 

3 

17.0 

6.1 

6 

11.8 

7.4 

6 

(B) 

Single 

24 

6.4 

3.4 

21 

7.3 

2.2 

7 

7.3 

2.3 

29 

6.1 

3.4 

29 

Double 

0 

7.5 

3.1 

22 

7.4 

2.2 

7 

7.2 

2.5 

24 

6.7 

3.1 

24 

Double 

24 

8.2 

2.2 

21 

9.5 

3.6 

10 

7.5 

3.1 

25 

7.3 

3.6 

25 

Double 

72 

10.2 

2.3 

12 

8.7 

3.3 

9 

8.3 

2.4 

33 

7.7 

2.4 

33 

Double 

120 

7.3 

3.0 

7 

8.7 

4.3 

6 

6.8 

2.3 

39 

6.8 

2.7 

39 


tip. Females were fed for one full day before being used for tests. Numbers of 
eggs deposited were difficult to count because TM is a gregarious endoparasite. 
Instead, test hosts were encapsulated and incubated at 29°C until either unpar¬ 
asitized bee or parasite progeny emerged and were recorded. 

Data were analyzed in two ways. Where necessary, contingency tables were 
used to test for differences in the incidence of parasitism between treated and 
untreated hosts. To determine whether there were differences in number of eggs 
or total progeny in treated and untreated hosts, paired and unpaired Student’s 
Ptests were used. 


Results 

CAPT AN. —The amount of fungicide delivered to the hosts was a fraction of 
that initially applied. At 5 mg, an average of 0.74 mg (±0.27) or 14.8% was 
delivered, while at 10 mg, 1.62 mg (±0.7) or 16.2% was delivered. These doses 
are subsequently referred to as “Single” and “Double,” respectively. 

The results for all three species were partitioned into four possible outcomes: 
mean number of eggs or progeny deposited when either one or both hosts were 
parasitized, for both treated and untreated (Tables 1, 2). The results for PY and 
TM were almost identical: CAPTAN repelled parasites at both doses and for all 
durations tested. All comparisons were highly significant (P < 0.001, all cases). 
In total, PV parasitized only 31 of 275 CAPTAN-treated hosts, but parasitized 
272 of 275 untreated hosts. PV usually parasitizes about two hosts on the first 
day of emergence (x = 2.2 ± 1.0; Tepedino, 1988) but in this study only 28 
replicates of 273 had both hosts parasitized. TM parasitized only 11 of 227 
CAPTAN-treated hosts and 224 of 227 untreated hosts. There was no indication, 
for either host, of diminished repellency at 120 hr. 

For treatments with a sufficient number of replicates in which both hosts were 
parasitized, it was possible to determine if there was a difference in the number 
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Table 2. Mean number of progeny produced, standard deviation, and number of hosts parasitized 
(n), by Tetrastichus megachilidis in (A) CAPTAN-treated and untreated hosts (Single = 0.74 ± 0.27 
mg; Double = 1.62 ± 0.7 mg); and (B) DPX-treated and untreated hosts (Single = 1.46 ± 0.66 mg; 
Double = 2.1 ± 0.95 mg). 


One host parasitized 

Both hosts parasitized 

Untreated CAPTAN 

Untreated CAPTAN 


Mg 

Hr 

X 

SD 

n 

X 

SD 

n 

X 

SD 

n 

X 

SD 

n 

(A) 

Single 

24 

57.3 

22.3 

21 

— 

— 

— 

37.0 

26.2 

3 

33.3 

2.8 

3 

Double 

0 

49.6 

17.1 

55 










Double 

24 

50.8 

15.5 

48 

66 

— 

i 

— 

— 

— 

— 

— 

— 

Double 

72 

64.1 

21.4 

44 

47 

— 

i 

41.0 

17.4 

8 

35.0 

19.0 

8 

Double 

120 

51.4 

20.1 

Untreated 

45 

62 

DPX 

i 


Untreated 



DPX 


Mg 

Hr 

X 

SD 

n 

X 

SD 

n 

X 

SD 

n 

X 

SD 

n 

(B) 

Single 

24 

42.1 

16.3 

37 










Single 

120 

53.7 

22.1 

55 

32.0 

— 

i 

31.0 

— 

i 

37.0 

— 

i 

Double 

0 

44.0 

19.4 

54 

— 

— 

— 

55.0 

— 

i 

21.0 

— 

i 

Double 

24 

49.3 

17.5 

25 










Double 

72 

42.4 

17.4 

59 

— 

— 

— 

22.0 

— 

i 

27.0 

— 

i 

Double 

120 

43.2 

25.1 

37 

— 

— 

— 

64.5 

9.1 

2 

106.0 

42.4 

2 


of eggs laid in treated and untreated hosts by the same female. For PV, females 
laid more eggs on untreated than on treated hosts in all treatments, but only the 
Single- and Double-24-hr treatments were significant (Single t = 3.2, P < 0.01; 
Double t = 3.5, P < 0.02). For TM there was no significant difference in the 
number of progeny produced in the two treatments tested (Table 2). 

CAPTAN was also repellent to MO but to a lesser extent than to the other two 
species (Table 1). Significantly fewer CAPTAN-treated than untreated hosts were 
parasitized in the Single-24-hr (% 2 = 9.3, df = 1, P < 0.005), Double-24-hr (x 2 = 
10.7, df = 1, P < 0.001), and the Double-0-hr treatment (x 2 = 5.4, df = 1, P < 
0.05), but not in the remaining treatments (P > 0.50, all others). MO females 
that typically parasitize an average of 4.0 (±0.9) hosts on their first day (Tepedino, 
1988), parasitized both hosts in only 150 of 263 replicates in this study. 

Once MO females accepted a host, they deposited an equivalent number of 
eggs whether that host was treated or untreated. For all treatments, comparisons 
between number of eggs deposited in replicates where both hosts were parasitized 
showed that no distinction was made on the basis of host-type (all paired t -tests 
P > 0.15). For MO it was also possible to compare number of eggs deposited on 
treated and untreated hosts when only one of the two hosts was parasitized. Again, 
there was no difference in any treatment (all unpaired /-tests, P > 0.20). 

DPX. — Like CAPTAN, only a fraction of the dose applied actually remained 
on the host. For the 5-mg treatment, an average of 1.46 mg (±0.66) or 29.2% 
was delivered, and for the 10-mg treatment, an average of 2.1 mg (0.95) or 21.0% 
was delivered. 

DPX also repelled all three parasitoid species. PV and TM were repelled to a 
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Table 3. Mean number of eggs deposited, standard deviation, and number of hosts parasitized by 
Pteromalus venustus (A) and Monodontomerus obsoletus (B) in DPX-treated and untreated hosts. 


Single = 1.46 ± 0.66 

mg; 

Double 

= 2.1 

± 0.95 

mg. 











One host parasitized 




Both hosts parasitized 





Untreated 


DPX 



Untreated 



DPX 


Mg 

Hr 

X 

SD 

n 

X 

SD 

n 

X 

SD 

n 


SD 

n 

(A) 

Single 

24 

10.7 

7.7 

29 

6.0 

— 

i 

17.0 

5.6 

2 

5.0 

1.4 

2 

Single 

120 

11.3 

3.8 

25 

— 

— 

— 

12.5 

6.3 

2 

6.5 

6.3 

2 

Double 

0 

16.4 

7.9 

57 

— 

— 

— 

23.3 

11.5 

3 

8.7 

8.0 

3 

Double 

24 

16.6 

6.6 

55 

13.0 

— 

i 

9.0 

8.4 

2 

16.0 

2.8 

2 

Double 

72 

15.6 

8.1 

29 

— 

— 

— 

9.0 

— 

1 

2.0 

— 

1 

Double 

120 

16.1 

5.7 

40 

— 

— 

— 

15.4 

3.1 

5 

6.2 

1.6 

5 

(B) 

Single 

24 

7.9 

3.1 

23 

8.4 

2.8 

9 

8.1 

2.2 

19 

6.5 

2.7 

19 

Single 

120 

8.0 

6.2 

28 

7.6 

4.3 

8 

6.1 

2.1 

16 

7.9 

2.5 

16 

Double 

0 

6.8 

3.7 

31 

5.7 

0.6 

3 

7.7 

2.8 

23 

6.7 

2.0 

23 

Double 

24 

8.3 

3.8 

29 

8.6 

3.0 

5 

6.5 

2.0 

26 

6.8 

3.0 

26 

Double 

72 

6.8 

3.0 

29 

8.5 

3.5 

2 

6.3 

1.7 

26 

7.0 

2.6 

26 

Double 

120 

6.4 

3.8 

25 

7.8 

1.5 

4 

7.4 

1.8 

28 

7.0 

2.4 

28 


greater extent than was MO. TM females almost completely avoided DPX-treated 
hosts at all doses and durations (Table 2B): only 6 of 273 treated hosts were 
parasitized, while 272 of 273 untreated hosts were parasitized. PV females were 
repelled almost to the same degree: only 17 of 252 DPX-treated hosts were 
parasitized but 250 of 252 untreated hosts were parasitized (Table 3A). In the 
single treatment in which a sufficient number of both host types were parasitized 
(Double-120-hr), there were significantly fewer eggs per host in the DPX-treated 
hosts (t = 4.7, P < 0.001). 

The effect of DPX on MO was similar to that of CAPTAN: MO was repelled 
to a lesser extent than PV or TM (Table 3B). Of 334 hosts of both types, 169 of 
DPX-treated hosts were parasitized but 303 untreated hosts were parasitized. 
Each of the six dosage-duration treatments exhibited significantly higher rates of 
parasitism of untreated than treated hosts (x 2 tests, all P < 0.001 except Single- 
24-hr, P < 0.005). 

For MO it was also possible to compare the number of eggs per host between 
treated and untreated hosts for those replicates in which both hosts were para¬ 
sitized, and for those in which only one host was parasitized. None of these 
comparisons was significant (paired and unpaired t-tests, all P > 0.05). As with 
the CAPTAN results, once MO has accepted a host they deposit the same number 
of eggs irrespective of host type. 


Discussion 

Two additional compounds can be added to the arsenal used to control chalcid 
parasitoids of the alfalfa leafcutting bee. Both CAPTAN and DPX were extremely 
effective at repelling mated females of PV and TM, currently the most troublesome 
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parasitoids, and to a lesser extent MO. The compounds were effective at low doses 
(1-2 mg) and, in general, for up to 5 full days. 

These compounds may prove particularly valuable to alfalfa leafcutting bee¬ 
keepers because both are fungicides which have been demonstrated to be effective 
agents in controlling the levels of the fungal disease, chalkbrood. Parker found 
that CAPTAN (1985, 1988), but not DPX (1988), lowered the incidence of chalk- 
brood in field shelters of the alfalfa leafcutting bee, but reported (1988) that N. 
N. Youssef (unpubl.) had found DPX effective in laboratory tests. In addition, 
neither compound appears to possess undesirable side effects: neither repels nest¬ 
ing alfalfa leafcutting bees nor increases the mortality of non-chalkbrood infected 
bees (Parker, 1985, 1988). Thus, the special value of CAPTAN and/or DPX may 
prove to be their versatility at controlling both chalkbrood and chalcids. 

One can envision use of CAPTAN and DPX under different situations. When 
both fungus and chalcid control are desired, CAPTAN would be the treatment 
of choice because of the mixed results reported on the effectiveness of DPX against 
chalkbrood (N. N. Youssef, unpubl.; Parker, 1988). When only chalcid control is 
desired, and other methods such as ultraviolet light traps (Waters, 1970) are 
unavailable, then DPX is the compound of choice because of its greater effec¬ 
tiveness than CAPTAN at repelling MO. 

Time of treatment is an important consideration. While the effectiveness of 
these fungicides has only been field-tested by frequent application at nesting shel¬ 
ters (Parker, 1985, 1988), it is possible that a single, low-dose application of DPX 
or CAPTAN given to loose cells when parasites are beginning to emerge, 8-10 
days after incubation has begun in spring, would be sufficient to control parasites 
for the season. If parasites can be removed from the population before its release 
in the field, infestation rates should remain relatively low. This is the principle 
behind the current use of light and other traps to remove chalcids from bee 
populations before release. Tests of this treatment are currently underway. It will 
also be interesting to see if parasitoids are deterred from oviposition during ex¬ 
tended exposure to the compounds or if they become habituated and begin to 
accept treated hosts. 
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Anatomical Notes on Uropoda sp., a Phoretic Mite Infesting 
Dung-inhabiting Beetles in Southern California 
(Acari: Uropodidae; Coleoptera: Tenebrionidae, Histeridae) 

Gordon Gordh and Laura Wills 

(GG) Department of Entomology, University of California, Riverside, Cali¬ 
fornia 92521; (LW) 708 Brasher Court, Santa Rosa, California 95405. 


Abstract. — Anatomical details of the anal pedicel of Uropoda sp. are described. 
The deutonymph of Uropoda sp. is phoretic upon adult predatory beetles infesting 
poultry manure. Aspects of phoresy involving uropodids are discussed. 


During the course of studies of arthropod natural enemies of flies inhabiting 
poultry manure by one of us (LW), several predatory beetles were collected which 
were extensively covered by uropodid mites. Here we describe anatomical aspects 
of the phoretic attachment by Uropoda sp. on the histerid Dendrophilus punctatus 
Herbst and the tenebrionid Alphitobius diaperinus (Panzer). The mites and beetles 
used in this description are deposited in the entomological collections, University 
of California, Riverside. 


Results 

We found that only the deutonymphal stage of this uropodid is phoretic. This 
observation is consistent with other reports (Kranz, 1978). Based on studies by 
Wills (1988) we conclude that the uropodid prefers attachment to the thorax 
and abdomen of the phoront. In the most extreme case, we counted 189 Uropoda 
sp. attached to one A. diaperinus (Figs. 1-3). This phoront held 140 uropodids 
attached to the dorsum (15 on pronotum, 62 on left elytron, 63 on right elytron), 
and 49 uropodids attached to the venter (13 on thoracic sternum and 36 on 
abdominal sterna). 

Each deutonymph is attached to the beetle by a relatively long, flexible, anal 
pedicel (Fig. 4, AP). Based on our observations, we conclude that the pedicel 
consists of three functional components, a base, a shaft, and an apex. 

The BASE of the pedicel (Fig. 5, PB) is formed apparently from a minute sclerite 
immediately posteriad of the ventrianal shield (Fig. 5, open arrow). The pedicel 
base is not morphologically differentiated from the shaft, but does form a rim 
(Fig. 5, PBR) whose margin is confluent with an integumental rim formed on the 
ventrianal shield of the mite (Figs. 5, VSR; 6, VSR). The ventrianal shield rim 
(VSR) forms a hemispherical thickening which does not surround the base, but 
tapers posteriad and terminates in a short, inconspicuous suture. The base of the 
pedicel confers rotational flexibility via a series of parallel cuticular ridges or pleats 
(Fig. 6, PCR) which are at a right angle to the basal rim and oblique inflections 
in the basal rim. 

The SHAFT is about as long as the body of the mite (Fig. 4, PS). From our 
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Figures 1-6. 1 . Alphitobius diaperinus (Panzer), dorsal aspect, infested with Uropoda sp. (x 15). 2. 

Alphitobius diaperinus (Panzer), lateral aspect, infested with Uropoda sp. (xl5). 3. Alphitobius dia¬ 
perinus (Panzer), ventral aspect, infested with Uropoda sp. (x 15). 4. Uropoda sp., ventral aspect (AP, 
anal pedicel; PS, pedicel shaft) (x86). 5. Uropoda sp., ventral aspect, base of anal stalk (PB, pedicel 
base; PSR, pedicel basal rim; VSR, ventrianal shield rim) (x 660). 6. Uropoda sp., ventral aspect, base 
of anal stalk enlarged (PCR, pedicel cuticular ridges; VSR, ventrianal shield rim) (x 1300). 


microscopic comparison and not statistical analysis, we could detect little signif¬ 
icant difference in shaft length among the mites. The shaft of the anal pedicel is 
featureless, smooth and does not change in diameter, a slight tapering near the 
base notwithstanding. The shaft is flexible, even after preservation in alcohol and 
critical point drying. The shaft of the pedicel seems to confer orthogonal flexibility. 

The APEX of the pedicel is conspicuously differentiated from the distal end of 
the shaft. The apex is enlarged, circular in outline and flattened along the ventral 
surface (Figs. 9, 10). The apex forms a foot and constitutes the adhesive bond 
between the integument of the phoront and the deutonymph. Specimens which 
have been desiccated in ethanol and critical point dried maintain the strong 
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Figures 7-10. 7. Uropoda sp., ventral aspect, base of broken anal stalk (TS, trichode sensilla) 

(x 1100). 8. Uropoda sp., ventral aspect, base of broken anal stalk enlarged (TSD, “T”-shaped duct) 
(x 2600). 9. Uropoda sp., lateral aspect of anal stalk apex (x 660). 10. Uropoda sp., ventrolateral aspect 
of anal stalk apex (PLP, papilla-like protuberance) (x660). 


bond of attachment to the phoront. Inspecting the ventral surface of the apex of 
specimens we dislodged reveals a field of papilla-like protuberances (Fig. 10, PLP). 
These protuberances appear widely spaced, but are in fact imprints of the punc- 
tations found on the beetle elytra. This suggests the apex is a secretory product 
because pedicel apices from deutonymphs attached to impunctate parts of the 
body do not have these protuberances. 

The apex apparently is a glandular product synthesized in the body of the mite 
and secreted via the shaft. Breaking the pedicel at its base reveals an inverted 
“T”-shaped duct (Figs. 7; 8, TSD) which is attended by four trichode sensilla 
(Fig. 7, TS). The mechanism of detachment by this uropodid mite remains un¬ 
known, and we did not observe the mites during the later stages of the deuto- 
nymphal condition. 


Discussion 

The term phoresy was proposed by Lesne (1896 teste Clausen 1976) to describe 
the phenomenon of transport of one species on the body of another species for 
purposes other than direct parasitization. General treatments of phoresy have 
been developed by Ferriere (1926), Howard (1927) and Clausen (1976). The 
phenomenon is widespread in the Insecta, but different mechanisms of attachment 
are involved. Among the Acari, the deutonymphal stage of uropodid mites is 
frequently phoretic on insects (Kranz, 1978), including adult bees (Gordh and 
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Barrows, 1976), beetles (Ramsay, 1966; Faasch, 1967; Peck and Anderson, 1969; 
Gordh, 1985), caterpillars (Helson et al., 1975), and even small lizards (Domrow, 
1981). 

A frequent problem in discussing the phoretic relationship between uropodid 
mites and their phoronts has been the difficulty in obtaining scientific names for 
uropodid mites. In the most recent study, Dr. Richard Axtell kindly provided the 
generic name. In earlier studies (Gordh and Barrows, 1976; Gordh, 1985) the 
generic name was provided by Dr. Ed Baker. Other workers have discussed pho- 
resy by uropodids under generic names only (Helson et al., 1975; Domrow, 1981). 

Most discussions of phoresy have focused on the benefit of the relationship to 
the organism being transported and not the impact on the phoront. In a com¬ 
parable observation of Uropoda sp. on beetles in manure, Peck and Anderson 
(1969) noted several predaceous Coleoptera were often covered with uropodid 
nymphs and supposed that this was probably a significant method for reintro¬ 
ducing mites into manure after manure removal. We believe this is a hypothesis 
consistent with our observations because there appears to be no detrimental effect 
on the phoront. Indeed, by our observations heavily infested beetles still walked 
apparently unencumbered. Kranz (1978) reports that deutonymphs of Uropodidae 
molt and leave the carrier as adults. Presumably the dispersal hypothesis remains 
most plausible for explaining this relationship. 
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Abstract. — Males of Mellinus rufinodus Cresson establish and defend territories 
on dung and mate frequently with females arriving at the dung. Females capture 
various small flies that visit the dung, either consuming them directly or carrying 
them to the nest in flight. 


Little is known concerning the behavior of any of the four species of Mellinus 
occurring in America north of Mexico. The only report is a note by O’Brien 
(1983), who observed a female M. bimaculatus Packard carrying a fly of the genus 
Pegomyia (Anthomyiidae) in its mandibles. In contrast, the Eurasian species M. 
arvensis (Linnaeus) has been studied extensively. Hamm and Richards (1930) 
reviewed much of the literature prior to that date, and there have been significant 
contributions since that time by Olberg (1959), Huber (1961), and others. This 
species nests gregariously in sandy soil and makes a multicellular nest that is 
provisioned with flies, chiefly Muscoidea. Flies are often captured on dung and 
are carried to the nest in flight, the wasp holding the mouthparts of the fly in her 
mandibles. The larva of M. arvensis has been described by Maneval (1939) and 
by Evans (1959). Details of behavior and of larval structure are of particular 
interest, since there has been some disagreement as to where the genus Mellinus 
properly fits in the classification of the sphecoid wasps (Bohart and Menke, 1976). 

The present studies were conducted near my home, 23 km west of Livermore, 
Larimer Co., Colorado, at an altitude of 2300 m. This is an area of open ponderosa 
pine-Douglas fir woodland where this species is common in late summer (August 
and early September). The wasps are not commonly found on flowers, but both 
sexes visit Helianthus and Cirsium for honeydew. 

Mating Behavior 

Both males and females are attracted to mammalian feces, where mating occurs. 
This was first noted 28 August 1987, when several mating pairs were seen on 
excrement along a trail. Observations were made intermittently at this site until 
6 September, after which no wasps remained. In 1988 dung pads were placed in 
the same area on 26 August, where they quickly attracted wasps and continued 
to do so until 5 September. Although there is little sexual dimorphism in this 
species, males could be recognized by their more slender abdomens and, with 
experience, by their behavior. Wasps were not easily disturbed, and it proved 
possible to observe within 20 cm of the wasps without altering their behavior. 
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This made it possible to use a magnifying glass to study details of mating and of 
prey capture in these small wasps. 

Each dung pad is commonly occupied by a male, who remains on or near the 
dung for most of the day, sometimes as late as 1900 hr, shortly before sunset. 
Males remain motionless with their antennae extended rigidly forward and slightly 
upward, or they may walk about with the antennae in motion. Frequently they 
rotate to face insects that approach. From time to time (though not consistently) 
they dart at flies, up to 10 cm away, that have landed on or near the dung. 
Occasionally they strike at ants that cross the dung, but more often ants elicit no 
response. If a second male arrives, the pair grapple and one of them departs 
immediately. 

On 30 August I marked a male that had been present on a dung pad for some 
time with a yellow spot on the thorax (Y). A second male (marked white, W) 
appeared and the two grappled briefly; W left but remained 30-40 cm away for 
some time. On the following day I placed a second dung pad 1.5 m away. For a 
time, Y occupied one pad and W the other, but at 1140 hr Y flew to the second 
pad and displaced W after a brief struggle. For several hours thereafter Y moved 
back and forth between the two pads, remaining for from 3 sec to 3 min before 
moving to the other. In one 20-min period, Y moved between the two 14 times. 
Late in the afternoon Y had been replaced by another male (marked orange, O), 
although both W and Y remained perched 20-50 cm away. 

On the following day, a third dung pad was put in place 1 m from the second. 
O was territorial all day, moving between two of the dung pads frequently. W 
and Y remained in the area and from time to time occupied one of the dung pads. 
On the next day, O moved between the three pads from 0930 to 1554 hr while 
W remained nearby. Much the same occurred the following day (3 Sept.). Thus, 
O remained territorial for 4 days, while W was present for 5 days though apparently 
subordinate to both O and Y. However, W copulated several times, either by 
intercepting females away from the dung or by occupying dung pads for short 
periods. There was no obvious difference in the size of these males. 

Both Y and O were seen to copulate many times; in one 30-min period, Y was 
seen to mate 11 times. Since the females were not marked, it is impossible to say 
how many times each female mated, but it is probable that each mated several 
times per day (on no occasion did more than 2 females appear at the dung at one 
time). Females flew into the area, landed 20-50 cm from the dung, and walked 
to the pad. If a male was present, he without preliminaries leaped onto the female 
as she approached the dung pad. The male assumed a dorsal position, grasping 
the female just behind her head with his mandibles and holding her body with 
all three pairs of legs. The two remained in this position for a few seconds up to 
4 min. The male remained motionless, with his antennae thrust rigidly forward, 
while the female often walked about, her antennae moving up and down rapidly, 
alternately. When genitalic contact was made, the male released his grasp with 
his mandibles and legs and assumed a semierect posture. Copulation lasted 2-5 
sec. Sometimes the pair then separated, but at other times they remained together 
for additional copulations. On one occasion a male was seen mating with a female 
carrying a fly; when they separated the female flew off with the prey. On most 
other occasions the female left the area without prey after mating, while the male 
returned to his territorial perch. 
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Predatory Behavior 

I observed females capturing flies on or near dung pads on several occasions, 
but usually when no male was present on that pad. Females always approached 
the dung on foot, then walked slowly to within 1-2 cm of a fly and pounced, 
seizing and stinging the fly very quickly. In two instances females were seen to 
devour the flies directly, discarding the remains. On six occasions, females ma¬ 
nipulated the flies so as to seize them by their mouthparts, then flew off 1-2 m 
high. Attempts to follow females to the nests failed, and the nest of this species 
remains undiscovered. 

The flies taken as prey are those commonly attracted to fecal material. However, 
there was no response to very small flies, such as Sepsidae, or to large Calliphoridae 
such as Calliphora livida Hall. The latter species is considerably bulkier than a 
female Mellinus, measuring 32 mm 2 as compared to 24 mm 2 for Mellinus (thorax 
width times body length). On two occasions Mellinus females attacked but failed 
to capture Phormia regina (Meigen) (Calliphoridae) (27 mm 2 ) but did succeed in 
taking one Orthellia caesarion (Meigen) (Muscidae) (15 mm 2 ). Smaller Sarco- 
phagidae (10-14 mm 2 ) of the genus Ravinia were most commonly taken, including 
R. planifrons (Aldrich) (2), R. Iherminieri (Robineau-Desvoidy) (1), R. pusiola 
(Wulp) (1), and one undetermined. 

Discussion 

The mating system of Mellinus rufinodus provides an example of resource 
defense polygyny as defined by Thornhill and Alcock (1983). The frequency of 
mating stands in sharp contrast to that observed in most sphecid wasps, where 
in the course of several days only a very few matings may be seen, even at male 
territories. It is likely that in most Sphecidae females mate only once or a very 
few times (Evans and O’Neill, 1988). The advantages of multiple copulations in 
Mellinus are not obvious. In fact, it appears that females are often prevented from 
taking prey when a male is present. Also, males often drive flies from the dung, 
although they are not persistent in this behavior. In most cases of multiple mating 
in Sphecidae, the males provide some benefit, such as nest guarding (Evans and 
O’Neill, 1988). Conceivably the males of Mellinus prevent flies from ovipositing 
and thus insure stability of the dung, but this requires examination. 

Males of species of Mellinus have not previously been reported to be territorial, 
but the details of actual copulation in rufinodus do not differ notably from those 
of arvensis as described by Huber (1961). Predatory behavior in the two species 
is also similar; females of arvensis are said to stalk flies “just as a cat does ... a 
sparrow” (Hamm and Richards, 1930). It seems unlikely, however, that rufinodus 
nests gregariously in sandy situations, like arvensis, as repeated searches in soil 
of this type have failed to reveal any nests. Like bimaculatus, rufinodus is primarily 
characteristic of open woodlands, and may nest in quite a different substrate. 
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Abstract. — The first observations on flight behavior, daily activity, seasonality, 
habitat use, and prey are reported for adult Ululodes arizonensis Banks. 


Six genera and 14 species of owlflies occur in the Nearctic region (Shetlar, 1977) 
of which two genera and six species occur in America north of Mexico (Arnett, 
1985). Ululodes arizonensis Banks is the only owlfly known from California (Pen¬ 
ny, pers. comm.; Shetlar, 1977). Ululodes are bizarre looking, fast flying insects; 
they are about 20-40 mm in length and resemble dragonflies (Odonata) but have 
shorter wings like common lacewings (Neuroptera: Chrysopidae) and capitate 
antennae and an abdomen like butterflies (Lepidoptera). Most large collections 
have a few owlflies; however, they are rarely collected. Many of these owlflies 
were collected at lights (Shetlar, 1977; Arnett, 1985). 

Biological information on adult Ululodes is scarce. Ululodes mexicana (Mc- 
Lachlan) and Ululodes sp. were observed flying 10 m or more above untraveled 
sandy roads, meadow clearings, and sandy beaches along streams for 15-20 min 
after sunset in Arizona (MacNeill, 1965; Henry, 1977; Shetlar, 1977). As daylight 
decreased, the owlflies flew lower until shortly before darkness, they were within 
15 cm of the ground (MacNeill, 1965; Henry, 1977). Owlfly flights also occur at 
morning twilight (Shetlar, 1977). Flight activity resembled that of dragonflies 
(Odonata), cruising repeatedly over an area and darting to capture prey or to 
interact with conspecifics (MacNeill, 1965; Henry, 1977; Shetlar, 1977). Henry 
(1977) observed male territorial behavior and males chasing females. MacNeill 
(1965) captured a mating pair in flight. 

Weekly from May 1986 to March 1987 I camped at a Blue Oak Savannah/ 
riparian ecotone along the Main Fork of the Kings River (T12S, R27E, S30), 
Fresno County, California where next to my camp, I observed and collected U. 
arizonensis adults at a sandy beach (40 x 60 m). This site is in the Sierra Nevada 
foothills at 360 m elevation. My observations are the first biological information 
for U. arizonensis and are presented to improve the knowledge of owlfly season¬ 
ality, habitat utilization, and prey. 

Ululodes arizonensis were first observed the fourth week of July and last seen 
in August, a flight period of about 5 wk. From about 15 min after sunset to 
darkness, the owlflies cruised and darted (horizontally) at a height of 15-30 cm 
above the beach. They occasionally darted vertically up to 3 m, presumably to 
capture prey. Commonly, from two to four owlflies cruised the beach concurrently; 
however, fewer and up to seven were observed. Twenty owlflies (11 2, 9 8) were 
collected and deposited in the California Academy of Sciences, San Francisco. 
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Six owlflies were collected in a 3-min period and still others cruised the beach, 
showing that many owlflies were using the beach. Male-male chasing and in-air 
clashes, and males chasing females (like MacNeill, 1965; Henry, 1977) were ob¬ 
served. No owlflies were seen during cursory morning twilight observations. 

On 13 August 1988,1 revisited the above site and collected all owlflies I could 
(9 $, 1 2) during their 17-min flight period (2000-2017). No owlflies were observed 
before or after this period. Visibility was possible for about 5 min after 2017 but 
precluded by darkness. The barren, sandy beach of 1986 was now scattered with 
grass (20 cm tall) and leaf litter along its upper edge, making owlfly detection and 
pursuit difficult. To catch these owlflies, I kneeled at one spot and swept cruising 
individuals. Most owlflies used the grassy beach area near the ecotone (within 5 
m) rather than the large, barren beach area. 

To determine owlfly prey, I examined the gut contents of the 10 owlflies. All 
guts were packed but contents were so masticated that I could determine only 
that all contained parts of caddisfly adults (Trichoptera) and one contained part 
of a mayfly (Ephemeroptera) wing. Shetlar (1977) examined the gut of an unre¬ 
ported number of Ululodes and contents included small Coleoptera, Diptera, and 
Lepidoptera. In 1986,1 collected two owlflies in flight that were carrying a caddisfly 
[.Hydropsyche occidentalis Banks and Oecitis avara (Banks), both about 12 mm 
in length]. 

Owlflies were not observed during cursory surveys of other microhabitats, thus 
it appears they may use a specific microhabitat for foraging and mating activities. 
Attempts to collect owlflies using ultraviolet and white lights were unsuccessful; 
MacNeill (1965) also used lights unsuccessfully. 

The brief daily activity, the short seasonal occurrence, fast flight, unattraction 
to lights, and possible use of a specific microhabitat makes U. arizonensis an 
uncommonly collected species. I hope this information enables and encourages 
further owlfly studies. 
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Abstract. —Efforts to achieve biological control of Hypera postica (Gyllenhal) 
and Hypera brunneipennis (Boheman) in California, U.S.A., are reviewed. The 
parasitoid, Tetrastichus incertus (Ratzeburg), was recently established and its cur¬ 
rent distribution is reported. Of the 10 species of parasitic Hymenoptera that have 
been released into California, only three have been established, a rate of estab¬ 
lishment similar to the mean success rate for other biological control programs 
worldwide. 


Alfalfa, a protein-rich perennial forage legume, is grown on more than 450,000 
ha in California. Most of this acreage (60%) is concentrated in the Sacramento 
and San Joaquin valleys, while the rest is scattered throughout the state, in nearly 
every county and under a great diversity of climatic conditions (University of 
California Statewide Integrated Pest Management Project, 1985). It is common 
practice in California for an alfalfa stand to remain in production for 3-4 yr, 
resulting in a stable and favorable environment ideally suited for a large diversity 
of arthropods. Dr. E. Schlinger [in pers. comm., van den Bosch and Stem (1969)] 
reported that over 1000 species of insects, mites, spiders, and other arthropods 
occur in alfalfa grown in California, but of these only six or seven species are 
known to adversely affect alfalfa yields. The vast majority of the species are neutral 
or beneficial species. In fact, alfalfa provides a reservoir for many predaceous 
and parasitic insects that serve as natural enemies for insect pests on a large variety 
of neighboring crops, maintaining them below damaging population levels (Gon¬ 
zales and van den Bosch, 1971). 

Currently, the most serious insect pest of alfalfa in California is the Alfalfa 
Weevil, Hypera postica (Gyllenhal), and the Egyptian Alfalfa Weevil, Hypera 
brunneipennis (Boheman). H. postica is found in the high mountain valleys in the 
northern and northeastern comer of the state, with the Sierra Nevada and Siskiyou 
mountain ranges preventing dispersal into the Sacramento Valley; and along the 
eastern and southern portion of the San Francisco Bay. Michelbacher and Leighly 
(1940) discussed the spread of the San Francisco Bay population and concluded 
that dispersal of this population into the San Joaquin and Sacramento valleys was 
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limited by high summer temperatures effectively confining it to the San Francisco 
Bay region. 

H. brunneipennis was first recovered in the Yuma Valley, Arizona and adjoining 
part of California in 1939 (McDuffie, 1941). Apparently not limited by California’s 
high summer temperatures, H. brunneipennis gradually spread throughout most 
of southern California. It was first detected in the San Joaquin Valley near Por¬ 
terville, Tulare Co. in 1966 (United States Department of Agriculture, 1966) and 
has now spread northward throughout the San Joaquin and Sacramento valleys 
of California. The spread and distribution of H. brunneipennis throughout Cali¬ 
fornia was documented by Madubunyi (1970). 

Efforts to achieve biological control of H. postica and H. brunneipennis, through 
the importation and colonization of various parasitic hymenoptera, began in 1933 
and have continued to date; the history of these efforts in California is reviewed. 
The most recent species to become established, Tetrastichus incertus (Ratzeburg), 
was surveyed and records of its colonization and current distribution are reported. 
Finally, the rate of successful introductions is compared with the rate of estab¬ 
lishment of natural enemies in other biological control systems. 

History of Biological Control 

The various species of parasitic Hymenoptera imported and released into Cal¬ 
ifornia in an attempt to achieve biological control of H. postica and H. brunnei¬ 
pennis are listed in Table 1. Bathyplectes curculionis (Thomson), the first species 
to be released, was colonized on H. postica in the San Francisco Bay region in 
1933 (Michelbacher, 1940). It became readily established and spread throughout 
the region infested by the weevil, causing a substantial reduction in H. postica 
populations (Michelbacher, 1943). In 1941, B. curculionis was released at Yuma, 
Arizona near the Arizona-Califomia border against H. brunneipennis, but was 
not recovered until 1950 when it was found in San Diego County, California, 200 
mi west of the original release site (van den Bosch, 1953). Unlike the success 
achieved on H. postica in the San Francisco Bay region, B. curculionis had little 
impact on reducing the population densities and economic damage of H. brun¬ 
neipennis because its eggs were encapsulated by this weevil, rendering the para- 
sitoid ineffective as a controlling agent (van den Bosch and Dietrick, 1959; van 
den Bosch, 1964). 

Prior to 1965, the three populations of weevils (the northern mountains, the 
San Francisco Bay, and the southern populations) were all isolated geographically. 
Following the 1966 invasion and subsequent spread of H. brunneipennis through¬ 
out the San Joaquin and Sacramento valleys, effective biological control in the 
San Francisco Bay region broke down due to the displacement of H. postica by 
H. brunneipennis (van den Bosch, 1972). No B. curculionis were released on H. 
postica in the northern mountain valleys at this time. 

The material colonized on H. postica and H. brunneipennis was obtained from 
Utah where B. curculionis had been established in 1911-1913. The sources for 
this introduction were various locations in southern and central Europe, but the 
greatest number of parasites apparently come from Germany and Switzerland 
(Donald Davis, Utah State University, pers. comm.). Failure of the Utah ecotype 
to control H. brunneipennis was thought to be due to its poor adaptation to its 
host. As a result, a series of surveys were conducted from 1953 to 1984 in several 
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Table 1. Species of parasitic Hymenoptera introduced into California to control H. brunneipennis. 
This list was updated from van den Bosch (1972). 


Host stage 
affected 

Parasite 

Family 

Status 

Egg 

Patasson sp. 

Peridesmia discus (Walker) 

Mymaridae 

Pteromalidae 

not established 
not established 

Larva 

Bathyplectes curculionis (Thomson) 

B. anurus (Thomson) 

B. stenostigma (Thomson) 

Tetrastichus incertus (Ratzeburg) 

Ichneumonidae 

Ichneumonidae 

Ichneumonidae 

Eulophidae 

widely established 
recently recovered 
not established 
established central CA 

Pupa 

Dibrachoides druso (Walker) 
Habrocytus sp. 

Pteromalidae 

Pteromalidae 

established southern CA 
not established 

Adult 

Microctonus aethiopoides (Nees) 

M. colesi Drea 

Braconidae 

Braconidae 

recently recovered 
not established 


countries of the Near East, including Egypt, Iran, Iraq, and Turkey, in the hope 
of finding more effective parasitoid species or a race of B. curculionis better adapted 
to H. brunneipennis (Clancy, 1969; R. van den Bosch, pers. records). Several 
introductions of B. curculionis were released throughout California, but control 
of H. brunneipennis in the Sacramento, San Joaquin, and Imperial valleys was 
not successful. However, in the early 1970’s, a strain of B. curculionis collected 
in the Near East (probably Iran) was colonized in the high mountain valleys of 
Siskiyou County, in northern California and has effectively controlled H. postica 
populations in this area (Roger Benton, Agric. Extern, Yreka, pers. comm.). This 
result suggests that H. brunneipennis has not spread into the mountain valleys of 
northern California. 

The various introductions of B. curculionis into California have been reviewed 
by Clancy (1969), van den Bosch (1972), and Hagen et al. (1976). Currently, B. 
curculionis is found throughout the state coexistent with its host (Jordan, 1975). 

During the period from 1953 to 1984, nine other species of parasitic Hyme¬ 
noptera were imported and released into California (Table 1), but of these only 
Dibrachoides druso (Walker) and Tetrastichus incertus became established. D. 
druso was established in southern California (Imperial and San Diego counties) 
on H. brunneipennis from releases made in 1960-1962 but was not particularly 
effective in reducing weevil numbers (Gonzalez et al., 1969). While collected in 
San Diego County in 1968, 6 yr after releases had ceased (van den Bosch, 1972), 
it has not been recorded elsewhere in the state to date and its current status in 
southern California is not known. 

The first shipment of T. incertus into California occurred in 1935 and 1936 
(Peck, 1963). Unfortunately, the fate of this material is not known but there is 
no record of T. incertus being collected in California prior to 1960 (Hagen et al., 
1976). T. incertus was established in the United States for the first time in 1961 
in New Jersey and Pennsylvania by USDA personnel from Moorestown, New 
Jersey. The material released was derived from a single mummy collected at 
Roche-fort-du-Gard, France, June 17, 1960 (Streams andFuester, 1967). Because 
of its success, four consignments of T. incertus totaling 2591 adults and 100 
mummies, were shipped from the USDA Moorestown Laboratory to the Uni- 





VOLUME 65, NUMBER 4 


423 


versity of California Quarantine facilities at Riverside and Albany, California in 
1963. Various releases propagated from this material were made in Monterey, 
Riverside, San Diego, and Siskiyou counties from 1963 through 1965 (Table 2). 
In spite of the numbers liberated, T. incertus was not recovered in subsequent 
surveys (R. van den Bosch, unpubl. Annual Reports, Division of Biological Con¬ 
trol, University of California, 1964, 1965). 

In 1965, another shipment from Moorestown arrived at Albany, California, 
and this material was combined with the existing insectary colonies. Releases of 
this material were made in Alameda, Glenn, Monterey, Riverside, San Diego, 
Stanislaus, and Tulare counties from 1966 to 1969 (Table 2). Details of the 
methods used in the propagation and release of T. incertus during this period may 
be found in Clancy (1969). Follow-up surveys in the release areas resulted in very 
few recoveries the first year and none in the second year. 

Failure to colonize the Moorestown strain was thought due to it being poorly 
adapted to the climatic conditions in California (van den Bosch, 1972). As noted 
earlier, surveys for parasites of H. brunneipennis in several countries in the Near 
East were made from 1953 through 1984. Collections of T. incertus in the Near 
East were made by Dr. R. van den Bosch during 1968, 1970, and 1973, and by 
Dr. D. Gonzales, University of California, Riverside, during 1974 and 1984 
(unpubl. Quarantine Records, UC Berkeley 1965-1985). It was hoped that these 
ecotypes would be better suited to California conditions. 

Six adults of T. incertus from Iran arrived in 1968 and a substantial colony 
was propagated. Releases from this material occurred in 23 counties throughout 
the state in 1969 and 1970 (Table 2). In 1970, 190 adults were received from Iran 
which were combined with the colonies derived from the material received in 
1968. In 1973 only six adults (five females and one male) were received from 
Iran and combined with the existing laboratory colonies. The new material hope¬ 
fully broadened the genetic base of the insectary stock (unpubl. Quarantine Rec¬ 
ords, UC Berkeley, 1968-1973). It is not known from how many areas in Iran 
this material was collected, hence material released during the years 1969-1972 
will be collectively referred to as the Iranian I strain. 

The greatest number of T. incertus were released during 1969-1972 (Table 2). 
Yet, despite this aggressive colonization and release campaign, T. incertus failed 
to become established (van den Bosch, 1972; Hagen et al., 1976). In 1974, Dr. 
D. Gonzales travelled to Turkey to search for more natural enemies of H. brun¬ 
neipennis, but unfortunately, all of the T. incertus material he sent was dead on 
arrival (unpubl. Quarantine Records, UC Berkeley, 1974). 

On August 7, 1974 a shipment of T. incertus was sent by Dr. M. Esmaili of the 
College of Agriculture, Karaadj University, Iran. This material had been collected 
from alfalfa fields located on the University grounds. Approximately 350 mum¬ 
mies were received in quarantine and held for emergence. Of the parasitoids that 
emerged a total of six females were released from quarantine and used to establish 
a colony in the insectary (L. Etzel, pers. comm.; unpubl. Quarantine Records, UC 
Berkeley, 1974) hereafter referred to as the Iranian II strain. Releases of this strain 
occurred in Colusa County in northern California in 1975 and near Kerman, 
Fresno County, in the heart of the San Joaquin Valley in 1976 (Table 2). The 
following year, surveys around Kerman picked up H. brunneipennis larvae infested 
with T. incertus ; surveys during 1978 and 1979 showed that T. incertus was 
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Table 2. Number of Tetrastichus incertus released by county in California from 1963 to 1985. 





Moorestown strain 




Iranian I strain 


County 

1963 

1964 

1965 1966 

1967 

1968 

1969 

1970 

1971 

1972 

Alameda 





200 

453 

5974 



Butte 







3109 

8700 


Colusa 







12,743 



Contra Costa 







1744 

25 


Fresno 







3345 

11,000 


Glenn 

Kern 




51 



469 

9500 


Lassen 







10,425 

1100 


Madera 







635 

8600 


Modoc 







2504 



Monterey 

360 






32,512 

633 


Placer 

Plumas 

Riverside 


1968 

2695 5575 

3730 




1800 


Sacramento 








3900 


San Diego 


408 

550 12,000 





24,000 


San Joaquin 
Shasta 







2077 

10,300 

47 

Sierra 







4256 



Siskiyou 

Stanislaus 

1709 


561 




23,886 

6500 


Sutter 

Tehama 








3000 


Tulare 



70 





8000 


Yolo 







9190 

7300 

228 


becoming more common in Fresno County and was expanding its range. Further 
releases from insectary Iranian II stocks occurred in Monterey and Colusa counties 
in 1980 and 1981; field-collected adults from the Kerman area were released in 
Monterey County in 1980. No other introductions of T. incertus occurred during 
1982-1985 (unpubl. Annual Reports, Division of Biological Control, University 
of California, 1982-1985; K. Hagen, pers. comm.). 

Current Distribution of T. incertus 

Materials and methods. —During 1982 and 1983, a survey of the principal alfalfa 
growing areas throughout the state of California to determine the current distri¬ 
bution of T. incertus was performed. Whenever possible, fields were chosen with 
hay approximately 0.5 m high. In each field 200-600 sweeps with a standard 
sweep net were taken. All T. incertus adults and all H. brunneipennis larvae found 
were removed and counted. H. brunneipennis larvae were placed in containers 
on alfalfa bouquets and reared for the emergence of parasitoid adults. Survey of 
the counties north of Yolo County in northern California took place August 25- 
27, 1982; survey of counties in southern California (Imperial and Riverside coun¬ 
ties) took place August 11-12, 1983; surveys of central California (including Yolo 
County) were made from July 28, 1983 through September 15, 1983. 

In addition to this survey, a second independent survey was made by USD A/ 
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Table 2. Extended. 







Iranian II strain 






1973 

1974 

1975 

1976 

1977 

1978 1979 1980 

1981 

1982 

1983 

1984 

1985 


150 20 

200 

50 20 


APHIS during 1982 and 1983. The results of that survey are included (data 
courtesy of Mr. Milt Holmes, USDA/APHIS, Niles, Michigan). 

Results and discussion. — The current distribution of T. incertus is shown in 
Figure 1. It appears that T. incertus is now well established in Central Valley of 
California and in the coastal valleys of Monterey and San Benito counties. In 
addition, it appears to have dispersed over the Sierra Nevada Mountains into the 
Owens Valley in Inyo County. T. incertus was not collected in Kern County by 
USDA personnel, but they did report finding a single mummy of T. incertus south 
of there in the north Los Angeles-Santa Barbara County area. No weevil larvae 
or T. incertus adults were collected in the desert regions of Imperial and Riverside 
counties during the August 1983 survey. Northward, T. incertus has extended its 
range as far as Solono County north of the Sacramento River, but as of Fall 1983, 
no parasitoids had been recovered in Yolo County a few miles to the north. 

It is interesting that some T. incertus individuals of the Iranian II strain estab¬ 
lished in Fresno County were also released in 1975 and in 1980 in Colusa County 
in northern California. The failure of colonization suggests that this strain of T. 
incertus may be restricted in its expansion into northern California. 

Failure of the early colonization attempts of T. incertus was attributed to using 
inappropriate or poorly adapted ecotypes. Certainly, this must have been an 
important factor. However, poor understanding of the phenology of T. incertus 
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Figure 1. Map of California showing the survey sites for Tetrastichus incertus during June through 
September in 1982-1983. Open symbols (O or A) represent fields where Hypera postica or H. brun- 
neipennis were collected but no T. incertus were recovered. Closed symbols (• or ▲) represent fields 
where both H. postica or H. brunneipennis and T. incertus were recovered. The plus symbol represents 
fields where no H. postica or H. brunneipennis or T. incertus were recovered. The triangles indicate 
areas sampled by USDA/APHIS (data courtesy of Milt Holmes, USDA, Niles, Michigan). 
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may have also contributed to the problem. This parasitoid is a summer active 
insect in California, emerging from diapause in late March and remaining active 
(given sufficient host material) until the onset of cold weather in the Fall. H. 
brunneipennis usually has one major larval peak each year during February and 
March, at least 1 mo before T. incertus becomes active in the spring. However, 
a partial second generation of H. brunneipennis may occur in California (Pitcairn, 
1986) which results in a small but consistent population of larval host activity 
during the summer. It is on these larvae that T. incertus subsists. The releases of 
T. incertus during the 1960’s and early 1970’s, usually occurred during February 
and March when H. brunneipennis larvae were most abundant, but before T. 
incertus is usually active, while later releases occurred during April and May which 
improved the chances for colonization. The release of the Iranian II strain in 
Fresno and Colusa counties occurred during June; a time more consistent with 
its current phenology in the field (Pitcairn, 1986). T. incertus was the most heavily 
colonized of the H. brunneipennis parasites during the period of 1967-1972. 
Liberations of the other species never totaled more than 25% of T. incertus 
numbers (van den Bosch, 1972). The main reason was that it proved to be a good 
laboratory species, had a high fecundity, was gregarious, and was easily propagated. 
Because of its seasonal phenology and small impact on host populations, T. 
incertus has had little effect in reducing H. brunneipennis damage in California 
(Pitcairn, 1986). 

An important question is why have only three of the 10 species of parasitic 
Hymenoptera become successfully established against H. brunneipennis. Failure 
has been attributed to insufficient numbers, poorly adapted climatic strains, lack 
of alternate hosts, and insufficient funding to increase colonization number, foreign 
exploration, and biological studies (van den Bosch, 1972; Hagen et al., 1976). 
Interestingly, the rate of establishment (30%) is very similar to the overall rate of 
establishment (34%) among biological control efforts worldwide, as reported by 
Hall and Ehler (1979), but higher than the average rate (22%) estimated for 
biological control projects in California. However, recent efforts by Drs. K. Hagen 
and L. Etzel have resulted in the colonization of Microctonus aethiopoides (Nees) 
and Bathyplectes anurus (Thomson) in Colusa and Fresno counties. It is too early 
to tell if these species will become permanently established, but recoveries of both 
during 1986 and 1987 are very encouraging (Dr. Hagen, pers. comm.). Both of 
these species were instrumental in achieving successful biological control of H. 
postica in the northeastern United States (Day, 1981) and it is hopeful that the 
appropriate ecotypes of these species will achieve the same level of success in 
California. 
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Temporal and Spatial Distribution of the Camel Cricket, 
Farallonophilus cavernicola Rentz (Orthoptera: Gryllacrididae), 
on Southeast Farallon Island, California 

John Steiner 

Department of Biological Sciences, California State University, Hayward, Hay¬ 
ward, California 94542. 


The habits and habitat of Farallonophilus cavernicola (Orthoptera: Gryllacri¬ 
didae) are of interest because of this camel cricket’s restriction to the Farallon 
Islands and its possibly primitive taxonomic status relative to the abundant, 
widespread Pristoceuthophilus paciftcus on the adjacent mainland of central Cal¬ 
ifornia. Although Rentz (1972) described the cricket from the “Rabbit Cave” on 
Southeast Farallon Island, he was limited by time and did not thoroughly inves¬ 
tigate the complete distribution of the insect. During two brief visits, he found 
the cricket to occur only inside the cave, except for one specimen under a rock, 
“100 yards from the cave entrance.” Though he searched the island for additional 
locations, he was unable to find the cricket anywhere else. 

In September and October 1987 and April 1988, I investigated the biology of 
Farallonophilus cavernicola by conducting two week-long studies. During fall 
1987,1 searched through all accessible caves and holes and surveyed the cricket’s 
distribution. During spring 1988, I studied cricket behavior in two of the island 
caves. 

The Farallon Islands form an archipelago of weathered granitic rocks and small, 
terraced islands at the edge of the continental shelf west of the Golden Gate (Fig. 
1). The largest of these is Southeast Farallon Island (Fig. 2) at position 32°47'W, 
123°00'N, having a surface area of 44 ha. 

This island is predominantly rocky, nearly treeless, and covered during much 
of the year with farallon weed, Baeria maritima, which grows in profusion during 
the spring and summer. The island consists of granitic cliffs, spires and talus 
slopes, as well as boulder fields on the marine terraces. It has dozens of ancient 
surge caves formed by waves during periods of higher sea level. Now at an ele¬ 
vation of 15 m or higher (Fig. 2), the caves are dark, cool and damp. 

Point Reyes Peninsula, 32 km north in Marin County, and Montara Mountain, 
44 km east in San Mateo County, have Salinian Block granitic substrate similar 
to Southeast Farallon Island (Compton, 1966). During Pleistocene sea level low¬ 
ering, the island must have been connected to the mainland (Fig. 1, showing 
bathymetric contours). Southeast Farallon Island was probably severed from Point 
Reyes and Montara Mountain about 8000 yr BP by rising sea level (Milliman 
and Emery, 1968). Wingless insects on Southeast Farallon were then probably 
isolated from those on the mainland. 

Partial descriptions of the insect fauna began with Blankenship and Keeler 
(1892) who studied larger animals, but included a list of 11 insect species. Later 
studies by Marshall and Nelson (1967), Giuliani (1982) and Schwan (1984) doc- 
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Figure 1. Location of Southeast Farallon Island. Bathymetric contours in meters. 


ument additional insect species on the island. A comprehensive insect list (Steiner, 
in prep.) is not yet ready. Rentz described Farallonophilus cavernicola in 1972 
and discussed its basic distribution and biology. This paper analyzes a diel activity 
pattern unique among camel crickets, and reports a broader spatial distribution. 

Methods 

I investigated 10 different surge caves (Fig. 2) on Southeast Farallon Island by 
either crawling into them or by visually inspecting the inner reaches of the smaller 
holes with my flashlight. I made the rounds of each of the caves several times 
during daylight and dark periods. I repeatedly stayed inside certain caves for up 
to an hour to make notes of insect behavior and to observe the interactions of 
crickets and the Cassin’s auklets (burrowing alcid seabirds) which also occupied 
the caves. I tried to minimize disturbance to either the camel crickets or the 
auklets during my movements within the caves by crawling slowly and keeping 
my flashlight off until I was positioned. My hand covered the flashlight lens when 
I turned the light on, to prevent a sudden flash of light. I mapped the locations 
of every cricket on the walls and ceiling of each cave (crickets did not occur on 
cave floors) to determine the extent of movement by individuals between suc¬ 
cessive visits. 
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SOUTHEAST 

FARALLON i 100 meters i 

ISLAND 

Figure 2. Southeast Farallon Island. Surge caves indicated by dark circles. Contour lines depict 
6-m intervals. 


Ledges, cliff faces and seabird burrow entrances were baited with uncooked, 
dry oat flakes to assess the presence of crickets outside of the caves. As part of 
another project, I ran five transects across the marine terraces or up talus slopes 
and overturned boulders at each of 20 random points along each transect, looking 
for insects underneath. Camel crickets were preserved in 70% ethanol and voucher 
specimens deposited at California Academy of Sciences and in the University of 
Michigan Museum of Zoology. Insects other than camel crickets and various larvae 
were pinned and dried. 


Activity 

Farallonophilus crickets exhibited a definite, consistent circadian rhythm in 
their activity periods. During the day, from just before sunrise throughout the 
daylight hours until about an hour after sunset, crickets were quiescent. They 
perched on the walls and ceilings of the caves as described by Rentz, mostly in 
groups of up to 12 individuals (Rentz counted up to 15 insects per group). Though 
there was much contact via antennae, not all crickets in a group touched other 
crickets. During this quiescent period, the antennae were still; repeated checks 
throughout the day failed to show any change in position in most crickets. One 
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or two insects in a group may have changed position during the course of the day, 
but never traveled more than 2-3 cm from their original positions before resuming 
their inactive stance. 

Observations during successive daylight periods revealed groups of quiescent 
crickets occupying the same areas within the caves. The numbers of crickets within 
the group in a given area changed from day to day, but each area occupied was 
the same. All crickets were absent from the areas during their active periods. Such 
favored sites were concave depressions and hollows on the ceilings and upper 
walls of the caves. 

Individual movement began shortly after sunset. Crickets appeared still quies¬ 
cent, their antennae motionless, but they occupied different nearby sites during 
successive inspections. Most activity occurred during early morning hours. From 
about 0400 until sunrise at about 0600, the crickets scurried about on the rock 
surfaces and waved their antennae. Some traveled to the outsides of the cave 
entrances. Up to eight insects were found on the cliff walls around one of the 
caves within 1 m of the cave opening. I did not observe any of the camel crickets 
feeding. The insects became quiescent again at dawn. 

I noticed many more changes in location and position at night than during the 
day. If cricket movement during the quiescent period was due to disturbance 
caused by my entering the caves, increased nighttime movement may have been 
due to an increased level of alertness. Though more individuals had repositioned 
themselves between successive nighttime checks, they were motionless during 
inspection. This sequence of events was the same during both of my visits, during 
fall and spring. Though I did not undertake a precise study of activity during my 
1987 visit, I did make general observations, and noted that the insects were most 
active from 0400 until dawn, during which time some left their caves. This 
behavior is directly counter to what Rentz (1972) found. Studying Farallonophilus 
cavernicola in vivaria, he demonstrated greater activity, and even observed mat¬ 
ing, in the late afternoon. 

This short activity period described here is also contrary to that discovered by 
other researchers, for other camel crickets (Campbell, 1976; Cohn, pers. comm.), 
all of which began activity immediately after dark (Cohn, pers. comm.). 

The effect of my crawling in and out of the caves on the presence and activity 
levels of the camel crickets is hard to estimate. If that effect is the same regardless 
of time of day, differences in degree of activity between different times reflect diel 
behavior of the crickets. I took care to minimize disturbance to the insects, but 
I did notice minor movement. On one occasion I saw a cricket slowly moving 
away from the spot where I had found it earlier, as I increased the illumination 
in the cave. All other insects remained in their prior locations, their antennae in 
the same positions. The moving cricket stopped 2 cm away and became motionless 
again. Checks later in the day showed no further movement. 

No crickets took the oatmeal bait which attracts all other North American 
camel crickets. Cohn (pers. comm.) suggests that the fog-dampened oat flakes 
may fail to attract the crickets. The moist flakes did attract many Eleodes beetles. 

Habitats 

Farallonophilus cavernicola is found in several habitats on Southeast Farallon 
Island. It occupied all 10 different surge caves, occasionally visited cliff faces, and 
it occurred in auklet burrows, wooden observation blinds and other habitats. 
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These habitats were diverse in nature and widespread in distribution, but all are 
damp and cool. No other insects were observed near the crickets. 

Crickets were most abundant on the walls and ceilings of the caves. Some left 
the caves after 0400, and ran about outside on the cliff face within 1 m of the 
cave entrance. Cracks in the cliffs and talus provided cover. Whether these cracks 
communicate directly with cracks inside the caves is unknown; crickets probably 
come and go via the mouth of the cave itself. 

In October 1987, while overturning boulders along a transect on the north side 
of the island, I accidentally uncovered two Cassin’s auklet burrows. Each contained 
a single cricket. No other burrows were examined. Surprisingly, Udvardy found 
no crickets in the many auklet burrows that he excavated (pers. comm, in Rentz, 
1972). I turned over 20 boulders at random points along each of five different 
transects, and found no camel crickets under boulders that did not cover burrows, 
but Rentz found a single cricket under such a boulder. I did see up to 17 Coniontis 
beetles under each boulder, as well as Eleodes and other insects. Perhaps the camel 
crickets have been displaced from most boulders by the abundance of beetles. 
Farallonophilus cavernicola was not discovered by the above series of investigators, 
who no doubt looked under boulders in search of insects, until Rentz found it in 
surge caves. 

These camel crickets are known to occur in other island habitats. In October 
1987,1 found a cricket in a wooden observation blind, next to the ceiling behind 
a window shutter where the wood is cold, dark, moist and covered with moss. 
Resident biologists on Southeast Farallon Island have occasionally seen them 
during wet weather crawling through the Farallon weed that covers the island. 
Camel crickets have also been seen in a pile of wet shingles under the dripping 
eaves of a residence building (R. P. Henderson, pers. comm.). The crickets are 
probably able to expand their range during the wet season each year, and exploit 
habitats unavailable to them during the dry season, when desiccation would result 
from wandering too far or for too long from the caves. When the rains stop, the 
crickets are probably restricted once again to the consistently cool, humid caves. 
The individuals that have been found in other areas may have been relicts of the 
previous wet season, surviving in isolated pockets of acceptable habitat. 

Affect of Predation on Habits 

Many species of camel crickets use caves as diurnal resting sites (Leroy, 1967; 
Campbell, 1976). The apparent restriction of Farallonophilus crickets to caves, 
and the compressed activity period, may result from predation. The most im¬ 
portant predator is likely the Farallons salamander, Aneides lugubris farallonensis, 
a subspecies of a known predator on beetles, caterpillars, isopods, centipedes and 
ants (Zweifel, 1949). I observed salamanders under rocks in the Rabbit Cave, as 
well as in cracks and hollows all over the island. Boekelheide (1976) found as 
many as 1950 salamanders per hectare of cliff habitat on Southeast Farallon, and 
Anderson (1960) estimates up to 8250 salamanders per hectare in concentrated 
areas. Selection pressures from predaceous, nocturnal salamanders may have 
condensed the crickets’ activity period into the last few hours before dawn, before 
diurnal predators are active, but after most of the salamanders have completed 
their active periods. A study that confirms diet and activity period of arboreal 
salamanders on Southeast Farallon Island is needed. 

Another likely predator is the western gull, a diurnal, broad-spectrum carnivore 
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(Pierotti, 1981) that would probably provide intense selection pressure for main¬ 
tenance of nocturnal activity in potential prey species such as camel crickets, 
preventing them from expanding their active periods to include daylight hours. 
Southeast Farallon Island is the site of the largest western gull colony in existence 
(Pierotti, 1981), and all suitable land areas are occupied by the birds. Probably 
as a result, all large, visible insect species that prevail on the island are either 
nocturnal, sublithic or troglodytic. Farallonophilus cavernicola is all three. Diurnal 
orthopterans are rare on Southeast Farallon Island, although they occasionally 
appear. Strong easterly winds carry grasshoppers from the mainland; they have 
failed to establish themselves permanently despite repeated invasions and abun¬ 
dant grassy habitat. A likely explanation is predation by gulls. 

Cassin’s auklets have become the most abundant birds on the island (Ainley 
and Lewis, 1974) and Rentz felt that they may affect temporal activity of the 
camel crickets. The seabirds dig burrows in the surge caves, and all over the 
marine terrace, some of which are occupied by Farallonophilus. I noticed no 
interference of the crickets by the birds. I did observe the departing and returning 
waves of auklets, and noticed that the birds return during the peak of the crickets’ 
activity period, when many of the insects venture outside of the caves. Auklets 
certainly don’t eat the camel crickets: their diet consists of pelagic crustaceans 
and squid (Manuwal, 1974). 

Conclusions 

Farallonophilus cavernicola exhibits a definite circadian rhythm unique among 
camel crickets, with only a 2-hr activity period from 0400 to just before dawn. I 
hypothesize that abundant, nocturnal salamanders have delayed cricket activity 
until pre-dawn hours, and that activity later in the morning is restricted by pre¬ 
dation by gulls. Insects stay hidden during the day, without moving. They are 
most easily disturbed after dark, indicating a higher level of alertness, but remain 
quiescent in their refugia until early morning. Though some crickets are solitary, 
most are found in groups of up to 12 individuals. Farallonophilus has a wider 
spatial distribution than previously reported, occurring in many damp, dark hab¬ 
itats that include at least 10 surge caves, seabird burrows, a wooden observation 
blind, under rocks, and elsewhere. 
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Observations on the Parasitoids of Mesepiola specca Davis 

(Lepidoptera: Incurvariidae) 

Don C. Force 

Biological Sciences Department, California State Polytechnic University, Po¬ 
mona, California 91768. 


Abstract.— Six species of hymenopterans were found parasitizing the moth, 
Mesepiola specca Davis, that feeds on Nolina parryi seeds at Pinyon Flat, Cali¬ 
fornia. Two species are endoparasitic and may be specific to Mesepiola. The other 
four species are ectoparasitic and are likely generalist parasitoids. The collected 
data suggest that one or two species of the ectoparasitoids dominate this parasitoid 
guild. 


Mesepiola specca Davis is a small moth whose larvae bore into and feed only, 
so far as known, on the seeds of Nolina parryi, N. microcarpa and Dasylirion 
wheeleri in Arizona, New Mexico and California. Davis (1967) described the adult 
and Frack (1982) described the larva and pupa. Frack observed the adults to be 
active for perhaps 2 hr around dusk during the period in May when Nolina is 
blooming, sometimes congregating by the thousands around the flowers to mate 
and oviposit in the ovaries of the host. 

Frack (1982) found that each larva feeds on and eventually destroys a maturing 
seed of the host plant. The full-grown larvae vacate the seed capsule by the end 
of June or early July and lower themselves to the ground by means of a silken 
thread. They overwinter in a tough cocoon in the soil, pupate, and emerge as 
adults, perhaps only during those years when Nolina blooms. The plant, at least 
in the area studied (Pinyon Flat, ca. 20 km SW of Palm Desert, Riverside County, 
California), blooms sporadically; in recent years there was extremely sparse or no 
blooming during 1983, 1985, 1986 and 1988 and much blooming during 1984 
and 1987. Apparently the insects are capable of spending several years in the soil 
before emerging as adults. 

This report gives a brief description of the behavior and activities of the hy¬ 
menopterans that parasitize Mesepiola at Pinyon Flat. 

Methods 

Parasitoids were collected both in 1984 and 1987. Two collecting methods were 
employed: (1) parasitoids observed on Nolina flowers and seed pods were aspirated 
into a vial and preserved in alcohol, (2) seed pods were collected shortly before 
the seeds and moth larvae were fully grown, and the adults of certain parasitoid 
species were reared from the pods during the following 3 or 4 wk. Still other 
species overwinter in the soil with the moth larvae, and so a variation of the 
second method allowed the moth larvae from the collected seed pods to vacate 
the pods and burrow into soil inside screened cages in the laboratory where they 
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overwintered. These parasitoids emerged at the time of adult moth eclosion the 
following spring and were collected and preserved. 

Samples of Nolina seed pods were examined at various times during the springs 
of 1984 and 1987 to observe the percentage of seeds infested with Mesepiola 
larvae and the percentage of these larvae parasitized. Larvae were scrutinized 
externally for ectoparasitoids and then dissected to observe endoparasitoids. 

The Parasitoid Guild 

Six species of parasitoids were reared from Mesepiola : 

Ichneumonidae 

Pristomermus inaequidens Dasch 
Braconidae 

Pelicope yuccamica Mason 
Eurytomidae 

Eurytoma sp. near tylodermatis Ashmead 
Pteromalidae 

Zatropis tortricidis Crawford 

Mesopolobus sp. 

Eulophidae 

Tetrastichus sp. 

All of the above and two additional Braconidae (an undetermined species of 
Apanteles and another of Habrobracon) were also collected on Nolina flowers and/ 
or seed pods. The latter two braconids were collected only on flowers and may 
have been attracted to them without necessarily being parasitic on the moth. 

The braconid, Pelicope yuccamica, is an endoparasitoid that appears to para¬ 
sitize only the egg stage of Mesepiola, or perhaps both the egg and very early larval 
stages. Adults of this parasitoid appeared in abundance at the time the moths 
were ovipositing (middle of May) in both 1984 and 1987, and disappeared by 
early June. No eggs of this species were ever observed in the larval moth dissec¬ 
tions, but larvae of the parasitoid were found. 

The ichneumonid, Pristomermus inaequidens, is also an endoparasitoid that 
prefers parasitizing younger Mesepiola larvae, although it is possible that this 
species will also parasitize moth eggs. Adults began to appear by mid-May, but 
were not really abundant until nearly the end of May, and pretty much disappeared 
by the third week of June. Both Pelicope and Pristomermus overwinter in the 
ground, carried there by the full-grown moth larvae which they parasitize. They 
kill their host sometime during this underground period and emerge as adults 
probably about the same time the moth adults emerge. 

The remaining parasitoids are all chalcids (superfamily Chalcidoidea), and are 
ectoparasitoids that do not overwinter in the soil with the host larvae, but emerge 
from the seed pods as soon as the wasps are mature. Only one of these chalcids, 
Zatropis tortricidis, was identifiable. According to E. E. Grissell (pers. comm.), 
this species is widespread across the United States including California. It appears 
to be a “generalist” parasitoid but has few recognized hosts. Eurytoma sp. has 
been placed by Grissell close to E. tylodermatis, which is also a widespread 
polyphagous parasitoid but not well understood. E. tylodermatis has not yet been 
reported from California. Mesopolobus sp. and Tetrastichus sp. are members of 
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Table 1. Numbers and percentages of each species of parasitoid reared from Nolina seed pods. 



# emerged in 1984 



# emerged in 

1987 


Species 

<5 

2 

Total 

% of total 

3 

2 

Total 

Pristomermus 

105 

84 

189 

14.3 

— 

— 

— 

Pelicope 

3 

3 

6 

0.5 

— 

— 

— 

Eurytoma 

270 

357 

627 

47.5 

1425 

1977 

3402 

Zatropis 

0 

2 

2 

0.2 

6 

14 

20 

Mesopolobus 

0 

0 

0 

0 

0 

3 

3 

Tetrastichus 

142 

355 

497 

37.5 

100 

77 

262 

339 


groups which are in taxonomic turmoil and are completely unidentifiable (E. E. 
Grissell and M. E. Schauff, pers. comm.). 

All of these chalcids are attracted to Nolina seed pods of variable ages, which 
indicates that they parasitize Mesepiola larvae also of various ages. Zatropis was 
rarely collected in the field at Pinyon Flat, but single specimens were taken several 
times in early and mid-June. Eurytoma appeared first in late May and became 
abundant by the second week of June. This species remained abundant until the 
Mesepiola larvae vacated the pods and entered the soil late in June and early July. 
Both Mesopolobus and Tetrastichus were uncommonly collected, but appeared to 
be present throughout the time when host larvae of various ages were available 
in seed pods. 


Rearing and Host Dissection Results 

Table 1 shows the actual numbers of parasitoids of each species that emerged 
from seed pod material collected and brought into the laboratory for rearing. 
(Much more material was collected in 1987 than in 1984.) These numbers give 
an indication of the relative amount of parasitization by each species. The percent 
parasitization of the host population cannot be calculated from these data since 
there was no way to count host numbers collected; however, this statistic can be 
estimated from data presented later. The numbers of Pristomermus and Pelicope 
reared in 1987 are not available since there was almost no emergence of these 
two species (or the moth adults) after overwintering in the laboratory. This dif¬ 
ference in rearing success from the 1984 material may have been in the way the 
material was handled. The 1984 seed pods were cold-treated at 4.4°C for 8 wk 
during the winter, whereas the 1987 material was not. Without these data, the 
proportion of the total parasitization that each species represents could not be 
calculated for 1987. 

Table 1 indicates that Eurytoma is the most numerous parasitoid in the guild. 
Tetrastichus was somewhat less important than Eurytoma in 1984; however, the 
1987 data suggest that Tetrastichus was proportionally much less prevalent that 
year than in 1984. Numbers of Pelicope, Zatropis and Mesopolobus reared were 
insignificant at Pinyon Flat. However, samples of Nolina seed pods brought to 
me in 1984 by David Bramlet (a former graduate student) from two locations in 
the Santa Ana Mountains in Orange County, contained nothing but Zatropis 
tortricidis. So there may be great differences in the composition of parasitoid 
guilds attacking Mesepiola at different locations. 
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Observing the contents of Nolina seed pods showed that 57% of 374 seeds were 
infested with Mesepiola larvae in 1984, and 53% of 464 seeds were infested in 
1987. By observing and dissecting Mesepiola larvae from these seeds, I found 
that 71% were parasitized in 1984, while only 46% were parasitized in 1987. As 
would be expected, this higher rate of parasitization in 1984 also resulted in a 
much higher rate of multiple parasitization. Of the moth larvae that were para¬ 
sitized in 1984, 28% were multiple parasitized; in 1987, only 2% were. The 
dissections further indicated that only Pristomermus survived in a host which 
also contained Pelicope, so the ichneumonid endoparasitoid prevailed over the 
braconid. Neither of these two survived multiple parasitization by the ectopar- 
asitic chalcids. 


Discussion 

Perhaps the most enigmatic aspect of this host-parasitoid system is the manner 
in which Mesepiola and its parasitoids handle the sporadic production of seeds 
by Nolina. It is not known whether a portion of the moth population emerges 
each year on the chance that Nolina will be blooming, or whether there is some 
mechanism which allows emergence only during those years when Nolina actually 
blooms. Likewise, it is not known how closely synchronized the emergence of the 
endoparasitoids (Pristomermus and Pelicope) is with the emergence of the moth, 
and whether there may be alternate hosts for these parasitoids at Pinyon Flat. In 
laboratory studies where the moth host and both parasitoids overwintered in pans 
of soil, all of the insects emerged about the same time the following spring. Neither 
Pristomermus nor Pelicope has been reared from any other host and both have 
been collected only from Riverside County (R. W. Carlson and P. M. Marsh, 
pers. comm.), so they may be specific to Mesepiola and well synchronized to the 
moth’s life cycle. 

The chalcids, on the other hand, more likely have alternate hosts to depend 
upon. Although virtually nothing is known about them, I suspect these chalcids 
are multivoltine, generalist parasitoids. There are abundant endophytic insects 
(gall formers, other seed pod dwellers, etc.) which they could parasitize in the 
Piny on-Juniper Woodland habitat at Pinyon Flat. The evidence suggests that this 
host-parasitoid system is dominated by one or two species of these chalcids. 
Askew (1975) and Hawkins and Goeden (1984) have observed the domination 
by multivoltine, generalist parasitoids in cynipid galls on oaks, and cecidomyid 
galls on Atriplex, respectively. It seems reasonable that the same kind of situation 
may occur in other endophytic host-parasitoid systems such as those that infest 
seed pods. 
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A Third Cavernicolous Tyrannochthonius from Hawaii 
(Pseudoscorpionida: Chthoniidae) 

William B. Muchmore 

Department of Biology, University of Rochester, Rochester, New York 14627. 


Abstract. — Tyrannochthonius stonei is described from KaluAuAu Dripping Cave 
on the island of Maui. It is intermediate in its cave adaptations between T. 
pupukeanus from the island of Oahu and T. howarthi from the island of Hawaii. 


Further exploration of Hawaiian caves by F. G. Howarth and his colleagues 
has turned up yet another troglobitic species of Tyrannochthonius Chamberlin on 
the island of Maui. 

Tyrannochthonius stonei Muchmore, New Species 

(Figs. 1, 2) 

Diagnosis.—A cave-adapted form with attenuated appendages and reduced 
eyes. Larger than both other species of Tyrannochthonius from Hawaii, with palpal 
femur >0.8 mm in length; palps more slender than in T. pupukeanus Muchmore 
but less slender than in T. howarthi Muchmore, with femur 5.4 times as long as 
broad. 

Description.— Female: All parts pale tan. Carapace slightly longer than broad; 
surface smooth; 4 faint eyespots noted on intact animal but, after mounting, only 
1 cornea discernible on each side of carapace; epistome small, triangular, with 2 
flanking setae; chaetotaxy d4d-4-4-2-2 = 18, the dwarf setae (d) lying anterior 
and ventral to eyes. Abdomen typical; tergal chaetotaxy 4:4:4:4:4:4:4:5:5:4:T2T:0; 
sternal chaetotaxy 8:(4)7(4):4(6)4:8:7:7:7:8:7:0:2. Chelicera as long as carapace; 
hand with 5 setae; flagellum of 8 pinnate setae; fixed finger with ca. 12 teeth, 
distal one largest; movable finger with ca. 15 small denticles; galea a low bump; 
serrula exterior of 19-20 blades. Palps long and slender (Fig. 1); femur 1.61 and 
chela 2.38 x as long as carapace. Trochanter 1.75, femur 5.4, tibia 2.05, and chela 
6.35 x as long as broad; hand 2.3 x as long as deep; movable finger 1.87 x as long 
as hand. Surfaces smooth; setae long and thin; 1 prominent seta on medial side 
of chelal hand at base of fixed finger. Trichobothria as shown in Figure 2; sb 
slightly nearer to st than to b. Fixed chelal finger with 31 teeth, tall and sharp 
distally, becoming smaller proximally; movable finger with 22 tall sharp teeth 
distally and 10 lower, rounded teeth proximally; both fingers with occasional 
microdenticles between the macrodenticles; movable finger with a small sensillum 
on lateral side just distad of trichobothrium sb. Legs typical; apex of coxa I with 
a prominent projection; coxal chaetotaxy 2-2-l:4(3)-0:2-2-CS:2-3:2-3; setae on 
apex of palpal coxa subequal; 8 long, terminally incised coxal spines (CS) on left 
coxa II, and 8 similar spines plus 2 tiny ones on right coxa II. Leg IV with entire 
femur 3.2 and tibia 5.35 x as long as deep; tactile setae on tibia and both tarsi. 
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Figures 1, 2. Tyrannochthonius stonei. 1. Dorsal view of left palp. 2. Lateral view of right chela. 


Measurements (mm).—Female: Body length 1.74. Carapace length 0.52. Che- 
licera length 0.525. Palpal trochanter 0.265 by 0.15; femur 0.84 by 0.155; tibia 
0.33 by 0.16; chela 1.235 by 0.195; hand 0.435 by 0.19; movable finger 0.815 
long. Leg IV: entire femur 0.69 by 0.215; tibia 0.48 by 0.09. 

Male: Unknown. 

Type data. — Known only from the type locality. Holotype female (BPBM14342), 
HAWAIIAN IS.: Maui I.: Ulupalukua, KaluAuAu Dripping Cave, transition/ 
dark zone, 20.IX.1982, collected by F. D. Stone and F. G. Howarth. Type in the 
Bishop Museum, Honolulu. 

Etymology. —The new species is named for F. D. Stone, who, with F. G. 
Howarth, collected the type specimen. 

Remarks. — Tyrannochthonius stonei is the third representative of the genus to 
be discovered in the Hawaiian Islands. Previously T. howarthi and T. pupukeanus 
have been described from the islands of Hawaii and Oahu (Muchmore, 1979, 
1983). All of these species are cavemicolous and more or less modified for sub¬ 
terranean existence. Interestingly, no epigean species of Tyrannochthonius has yet 
been found on the Hawaiian Islands; but it is difficult to believe that none is 
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present in view of the occurrence of the cave-dwelling forms. In all likelihood, 
this situation is due to insufficient collecting of litter-dwelling arthropods. 
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Notes on the Western United States Distribution 
of Geopinus incrassatus LeConte 
(Coleoptera: Carabidae) 

Paul J. Johnson and William H. Clark 

(PJJ) Department of Entomology, University of Wisconsin, Madison, Wiscon¬ 
sin 53706; (WHC) Museum of Natural History, College of Idaho, Caldwell, Idaho 
83605. 


Abstract. —Geopinus incrassatus LeConte is reported from west of the Conti¬ 
nental Divide in the States of Idaho, Nevada, Utah, and Arizona, and western 
Colorado for the first time. Habitats in the western United States are largely 
active, xeric, aeolian sand dunes. Specimens from Idaho and Nevada differ mor¬ 
phologically from populations elsewhere by the occurrence of setiferous punctures 
on the third elytral interval. 


Adults of Geopinus incrassatus LeConte are burrowing anisodactyline carabid 
beetles. This species has been reported from throughout the eastern United States 
and southern Canada (Blatchley, 1910; Ball, 1960, 1968; Lindroth, 1968; Noonan, 
1973). Here, we present the first published report for the occurrence of this species 
from west of the Continental Divide, although its occurrence in the region has 
been known at least since 1956, based on specimens at the University of Idaho, 
and conversations with M. H. Hatch, W. F. Barr, and L. K. Russell. 

We have collected or examined specimens of G. incrassatus from localities in 
southern Idaho, northern Nevada, northeastern Arizona, northwestern Colorado, 
and eastern Utah. The following records have been collated: ARIZONA, Coconino 
County, Moenkopi dunes, 2.4 mi S Moenlcopi, 17.VII.1975, Fred Andrews & A. 
R. Hardy, collected at blacklight (9, CDFA); 2.6 mi SE Moenkopi, 30.IV. 1978, 
F. G. Andrews & A. R. Hardy, sifted from sand dunes (1 elytron, CDFA); Chinle, 
2.VII.1942, M. H. Frost, Jr. (1, UAZ). COLORADO, Moffat County, 1.VIII. 1986, 
Kondratieff, BLT-Dinosaur (1, CSU). IDAHO, Owyhee County, Bruneau sand 
dunes, 7-8 mi NNE Bruneau, 1.IV. 1956 (2, UID); Bruneau sand dunes, near 
Bruneau, 5.IV.1975, W. H. Clark (1, CIDA); Bruneau, 15.V.1975, G. A. Shook 
(1, CIDA), 8.III.1975, G. A. Shook (1, CIDA); Sand Dune Lake [prob. Bruneau 
dunes], 9.IV.1963, T. R. Coupe (1, UID); [Fremont County] St. Anthony sand 
dunes, 4.VI.1964, W. F. Barr (1, UID), 14.IX.1965, R. L. Penrose (7, UID). 
NEVADA, Humboldt County, Winnemucca sand dunes, 10 mi N Winnemucca 
along Hwy 95, 6.IX-15.XII.1982, W. H. Clark & P. E. Blom, ethylene glycol 
pitfalls (17, CIDA); 10 mi N, 5 mi W Winnemucca, sand dunes, 27.11.1975, D. 
Giuliani (1 pair elytra, CDFA). UTAH, Emery County, 17 mi N Hanksville, 
“dunes” nr. Gilson Butte well, 26.VII.1978, Andrews & Hardy, walking dunes at 
night (1 + 1 elytron, CDFA); [San Rafael dunes] 2 air mi W Little Gilson Butte, 
15-17.IX. 1980, F. Parker (50, USU). See Fig. 1. 
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Figure 1. Distribution of Geopinus incrassatus LeConte in the western United States. Numerals 
on dots reflect number of close-by localities represented (see locality citations). Approximate location 
of the Continental Divide is shown. 


Habitats for G. incrassatus east of the Rocky Mountains are apparently all 
riparian or related sandy soils of largely Pleistocene riverine origin. However, this 
is inadequately known as most specimens have been collected at lights. All western 
collection sites visited by us and most of those reported on specimen labels, or 
directly reported to us, are open desert sand dunes or are adjacent to such habitats 
in steppe. The dune systems with which we are familiar are composed of fine 
grained, aeolian deposits which are sparsely vegetated or unvegetated and are 
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active across their respective basins. None of these dune systems are intercon¬ 
nected; rather, they are separated by long distances and extensive fault-block 
mountain ranges. 

Sand dune habitats in the Intermountain Region are of interest because of their 
antiquity and consequent impact on the geographical history of G. incrassatus 
and other sand dune organisms. Although surficial dunes are often presumed to 
be geologically young and derived from Quaternary pluvial activity, arid and 
semi-arid environments, including sand dune formations, have been present in 
the Region at least since the early Tertiary. Recent paleoecological work (e.g., 
Wells, 1983; Leopold and Wright, 1985, and references therein) indicates that 
steppe and desert conditions in the Great Basin and other portions of the Inter¬ 
mountain Region developed early, probably at least by the late Eocene or early 
Miocene. This suggests that G. incrassatus habitat was quite probably present and 
inhabited by these beetles by 10-20 million yr ago. 

Comparison of western specimens of G. incrassatus with specimens from Mary¬ 
land, Delaware, New Jersey, Indiana, Wisconsin, Kansas, Arkansas, Texas, Lou¬ 
isiana, and Manitoba has revealed little external morphological difference between 
samples. The only possibly significant difference we have noticed is that specimens 
from Nevada and Idaho possess 1-2 setiferous punctures on the third elytral 
interval. Most specimens examined from elsewhere were without such elytral 
punctures, but single specimens from Texas, Louisiana, and Maryland did have 
at least one puncture on an elytron. The frequent presence of elytral punctures in 
some western populations is of note because Lindroth (1968) emphasized the lack 
of dorsal punctation (a derived condition) as a characteristic of this species. 

Geopinus incrassatus is quite able to and frequently does fly, and this cannot 
be discounted when considering its distribution. However, we feel that the trans- 
montane distribution and the distinctly greater frequency of occurrence of setif¬ 
erous elytral punctures, especially two punctures per interval (a plesiomorphic 
condition) on northern Great Basin specimens indicates segregate populations and 
may justify a more extensive examination of the beetles’ morphology. This, with 
the apparently restrictive ecological relationship to sand dunes in the Intermoun¬ 
tain Region in conjunction with available paleoecological information for the 
region provide an intriguing area for intensive investigation. 
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Notes on the Bionomics of Xenomycetes morrisoni Horn 
(Coleoptera: Endomychidae), Another 
Cantharidin-orienting Fungus Beetle 

Daniel K. Young 

Department of Entomology, University of Wisconsin, Madison, Wisconsin 
53706. 


Abstract. — A series of three male and three female Xenomycetes morrisoni Horn 
were recovered from cantharidin bait traps in Sequoia and King’s Canyon national 
parks during the summer of 1987. This is the first record for Xenomycetes being 
attracted to cantharidin; it joins three other endomychid genera (Aphorista, Ly- 
coperdina and Danae) in this association. 


The role of cantharidin in the defensive chemistry of blister beetles (Coleoptera: 
Meloidae) has been understood for nearly 100 yr (Cuenot, 1890; Mayer and 
Johansen, 1977). Kurosa and Watanabe (1958) proved that the vesicant, and 
probable allomone, of some oedemerid beetles is also cantharidin. However, for 
a growing number of insect species cantharidin appears to play a significant, but 
unknown role. Many insects have been observed orienting to cantharidin (Young, 
1984a, 1984b), and this assemblage presently includes four species of Endomy¬ 
chidae. Three of these species [Aphorista vittata (Fabricius), Lycoperdina ferru- 
ginea LeConte and Danae testacea (Ziegler)] are indigenous to eastern North 
America. The fourth species, A. laeta (LeConte), is endemic to western North 
America and has been taken at cantharidin-baited traps in Idaho and in the Sierra- 
Nevada Mountains of California. 

During the summer of 1987, cantharidin-baited traps were run at several lo¬ 
calities within Sequoia and King’s Canyon national parks. The trap follows the 
“jar-trap” design I described elsewhere (Young, 1984b: 195). Four samples con¬ 
tained specimens of Xenomycetes morrisoni Horn. As with other cantharidin- 
orienting endomychids, both males and females were found in the traps. Five 
specimens, including 3 males and 2 females, were collected in the Giant Forest 
Area near Round Meadow, during the week of 4-11 July. A single female was 
also recovered from a trap at Redwood Canyon Overlook, King’s Canyon N.P., 
6800', 31 May-5 June. 

Xenomycetes was described by Horn (1880) from three specimens. Two of the 
syntypes were described as having been collected by Morrison in “the high Sierras 
of western Nevada”; the third was taken by Crotch. Leng (1920) listed morrisoni 
from Nevada only; Strohecker (1953) added California and Washington to the 
distributional range. 

Virtually nothing has been published about the natural history of X. morrisoni. 
Johnson (1986) described the larva of X. layer si Hatch, the only other species in 
the genus. According to Johnson, layer si appears to be restricted to Paxillus 
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atrotomentosus (Batsch ex Fr.) Fries. This fungus is widely distributed in the 
coniferous forests of North America, with sporocarps generally appearing from 
late July through October (Lincoff, 1981). 

Having compared the Sequoia specimens of morrisoni with Hatch’s original 
description of laversi and Horn’s description of morrisoni, I question the validity 
of laversi. Johnson (pers. comm.) shares my concern, although neither of us has 
examined the types of either species. Thus, comments relating to laversi may well 
apply to morrisoni. Xenomycetes is the only genus included in the Xenomycetinae; 
the other cantharidin-orienting species of Endomychidae are assigned to the Eu- 
morphinae ( Lycoperdina and Aphorista ) and the Stenotarsinae ( Danae ). 

The significance of cantharidin attractancy in Xenomycetes, and other endo- 
mychids for that matter, is unknown. I have commonly seen specimens of L. 
ferruginea mating and apparently feeding upon cantharidin-baited filter papers in 
the field; I have also observed this behavior for A. vittata. Whether cantharidin, 
or a related compound, is involved in mating or feeding behavior has, however, 
not been tested. 

The specimens of morrisoni are deposited in the research collection at the 
University of Wisconsin, my collection, and the collection at Sequoia and King’s 
Canyon national parks. 
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Scientific Note 

Tilloidea notata (Klug) (Coleoptera: Cleridae), as a Predator of 
Stegobium paniceum (Linne) (Coleoptera: Anobiidae) 

As has been reported recently (Iwata, 1988, Acta Coleopterol. Jap., (1): 1-133), 
artificial diet blocks, prepared and stored for Lyctus brunneus (Coleoptera: Lyc- 
tidae) (composed of soluble starch, brewer’s yeast powder, cellulose powder and 
Shorea wood sawdust), were observed to be infested by the drugstore beetle, 
Stegobium paniceum (L.) (Coleoptera: Anobiidae) in Wood Research Institute, 
Kyoto University, Uji, Kyoto, Japan. Hence a culture of this anobiid, S. paniceum, 
was established by using the above artificial diet blocks for lyctids. The culture 
was contained in a very large glass vessel, in the shape of a tall Petri dish, 20 cm 
in diameter and 10 cm high, with a glass cover. It was placed in a non-climatised 
room of the laboratory. This culture had been kept almost untouched. 

Two years after starting this anobiid culture, when the population density of 
Stegobium was very high, some strange aliens, ca. 6 mm in size, were found 
walking around inside the vessel. They were identified as adults of Tilloidea notata 
(Klug), a clerid species found in Japan only rarely in its southern part. This species, 
often designated as Tillus notatus, is known to be a predator of wood-boring 
beetles of the genera Lyctus (Lyctidae), Sinoxylon, Dinoderus, etc. (Bostrychidae) 
in India (Beeson, 1926, Ind. For. Rec., 12:217-231). On the other hand, this clerid 
has never been found associated with any anobiid species although in Middle and 
South China, according to Chen and Huang [1985, Cangku Kunchong Tuce (Il¬ 
lustrated book of storehouse insects), Science Publisher, Peking, p. 78], it is as¬ 
sociated with stored cassava roots, which are very likely to be attacked by some 
anobiids. The coloration pattern of the adult beetle is to be referred very obviously 
to mimicry or convergence among various subfamilies of Cleridae, which was 
discussed by Menier (1985, Bull. Soc. Entom. Fr., 90:1071-1083, 1167). 

The data of collection in Uji are as follows: 3 exs., Kyoto University, Uji Campus, 
Uji, Kyoto, Japan [9 June, 15 June and 18 June 1981 (one specimen for each 
date)], R. Iwata leg., in R. Iwata’s and K. Hosokawa’s collections. This species 
seems new to Kyoto Prefecture, Japan. 

It appeared quite curious since no chance of invasion of such an organism was 
thought possible because of the conditions of the culture: there had been observed 
no escape of Anobium, whose size is much smaller than Tilloidea. Careful ex¬ 
amination of how Tilloidea came to invade the Stegobium rearing vessel revealed 
that this vessel, when closed with the glass cover, admits only very minute or¬ 
ganisms, such as mites, and the Tilloidea s invasion could occur only when the 
female adult beetle could manage to insert her ovipositor into the very narrow 
gap between the glass vessel and the glass cover. 

Then, if this is the case, how the female of Tilloidea came to recognize the mass 
population of Stegobium should be considered. The most likely hypothesis is that 
Tilloidea was attracted by Stegobium' s scent, namely the kairomone. This hy¬ 
pothesis could be supported, although indirectly, by the following findings: firstly, 
S. paniceum has been demonstrated by Kuwahara et al. (1975, J. Chem. Ecol., 
1:413-422; 1978, Tetrahedron, 34:1769-1774) to possess its sex pheromone, 
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which is likely to act as a kairomone; secondly, a female of Cephalonomia gallicola 
(Ashmead) (Hymenoptera: Bethylidae), a parasite wasp of S. paniceum, was ob¬ 
served by Itoh (1980, Jap. J. Sanit. Zook, 31:296—298) to be attracted to an empty 
cocoon of Anobium as well as to one with a larva inside, suggesting a presence 
of kairomone for that wasp; and lastly, Grace and Wood’s (1985, Pan-Pac. Ento- 
mok, 61:348) observation suggested kairomonal mediation in the attack of another 
clerid beetle, Paratillus cams (Newman), against Lyctus brunneus adults as its 
prey, in which a kind of pheromone was shown to be present by Iwata (op. cit.), 
as well as in Stegobium. This situation might be applied also to the present case 
with T. notata vs. S. paniceum. 

In addition, the coloration of the T. notata adult would be of interest. The 
coloration of its elytra seems rather significant from the viewpoint of mimicry, 
and thus is expected to be nonvariable, while, as Beeson (op. cit.) reported, the 
head and pronotum coloration is somewhat variable. In all of the above-men¬ 
tioned 3 specimens from Uji, Kyoto, the head and pronotum are entirely black 
(Beeson’s fourth type). The author had an opportunity to examine specimens of 
T. notata from Tondabayashi, Osaka, Japan (20 July 1980, H. Kuriki leg.), which 
seemed associated with Lyctus brunneus population occurring simultaneously. Of 
these, one is assigned to be the 4th type, and two to be Beeson’s 3rd type with 
the head and anterior edge of the pronotum being entirely black and the rest being 
red. It is interesting that in India the 3rd type is the commonest (77%) and the 
4th type is rare (4%) (Beeson, op. cit.), while in Japan the tendency might be quite 
different. Examination of further specimens from Japan is needed to know the 
real tendency. 

The author thanks Mr. H. Kuriki, Tondabayashi, Osaka, for providing him 
with an opportunity to examine T. notata specimens from Osaka. 

Ryutaro Iwata, Dept. Forestry, Coll. Agr. & Vet. Med., Nihon University, Shi- 
mouma 3-chome, Setagaya-ku, Tokyo 154, Japan. 
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A New Species of the Genus Lophoscutus Kormilev from Mexico 
(Hemiptera: Phymatidae: Macrocephalinae) 

Nicholas A. Kormilev 

5924 Gulfport Blvd. S., Gulfport, Florida 33707. 


By the kindness of Dr. Scott E. Miller, Chairman, Department of Entomology, 
B. P. Bishop Museum, Honolulu, Hawaii, and Dr. Joseph C. Schaffner, Professor, 
Department of Entomology, Texas A&M University, College Station, Texas, I 
have had the privilege of studying small lots of Macrocephalinae from Mexico 
and the Virgin Islands. 

One specimen, from Mexico, appears to be a new species of the genus Lo¬ 
phoscutus Kormilev, which is described below, and one specimen from the Virgin 
Islands is an uncommon species, Lophoscutus crassimanus (Fabricius). The latter 
was described from S. Jean in South America and then was recorded from Cuba, 
Virgin Islands and Puerto Rico. 

Lophoscutus crassimanus (Fabricius) 

Syrtis crassimanus Fabricius, 1803, Systema Rhyngotorum, p. 123. 
Macrocephalus crassimanus ; St. Fargeau and Serville, 1825, Encyclopedia, 10: 

120. 

Macrocephalus (. Lophoscutus ) crassimanus ; Kormilev, 1957, Jour. N.Y. Entomol. 

Soc., 65:39. 

1 2, U.S. Virgin Islands, St. Thomas, Magens Bay; 24.VII.1988, E. Richter coll. 
Deposited at the B. P. Bishop Museum, Honolulu, Hawaii. 

Lophoscutus maurus, New Species 
(Fig. 1) 

Male. —Elongate ovate; head, fore lobe of pronotum, pleurae and fore femora 
finely granulate; hind lobe of pronotum and scutellum very finely punctured. 

Head longer on median line or from the tips of jugae than its width across eyes 
35(40):23; antennae 2.87 x as long as width of head across eyes; relative lengths 
and widths of antennal segments I-IV are: 12(5):7(4): 12(3):33:6; relative lengths 
of labial segments I—III are: 20:16:7. Pronotum is shorter on median line than its 
maximum width across lateral angles 50:71; anterior angles acute, diverging; 
anterior border sinuate; anterolateral borders evenly sinuate in one line from 
anterior to lateral angles; lateral angles angularly rounded; posterolateral borders 
first convex then sinuate; hind angles rounded; hind border convex in three flaps. 
Fore disk convex, its lateral borders rimmed; hind disk weakly depressed medially 
and sublaterally; carinae thin and short, evanescent at % of disk. Scutellum long, 
with subparallel sides, longer than its maximum width 118:43, almost reaching 
tip of abdomen; median carina distinct from base to tip. Hemelytra leaving con- 
nexiva and a narrow strip of dorsum visible; corium reaching hind border of 
connexivum V. Abdomen longer than its maximum width across segment III 115: 
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Figure 1. 



Lophoscutus maurus, new species, 5, dorsal aspect. 


80; postero-exterior angles of connexiva slightly protruding; tip of abdomen slight¬ 
ly sinuate. Mesosternal cross without granulation. Fore femora longer than their 
maximum width 50:24. Color: Head, pronotum, scutellum, corium and fore fem¬ 
ora externally, black; 2 (1 + 1) stripes on the head laterally from eyes to hind 
border, anterolateral borders of pronotum anteriorly, and the whole ventral side 
of the body and fore femora interiorly, yellow. 
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Measurements: Total length 8.48 mm; width of pronotum 2.84 mm; width of 
abdomen 3.20 mm. 

Holotype <3, MEXICO, Colima, 9 mi NE Comala, 18-19.VII.1988. Schaffner, 
Kovarik & Harrison coll. Deposited in the Kormilev collection. 

Lophoscutus maurus, new species, is related to L. falleni (Stal), 1862, but is 
smaller, its antennal segment IV is less than twice as long as II and III combined, 
and the scutellum is without a yellow longitudinal line. 
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New Tribal Assignment for Orthocomotis Dognin and 
Paracomotis Razowski Based on an Unusual 
Modification of the Chaetosema 
(Lepidoptera: Tortricidae) 

John W. Brown 

Department of Entomology, National Museum of Natural History, Smithsonian 
Institution, Washington, D.C. 20560. 


Abstract. — The Neotropical genera Orthocomotis Dognin and Paracomotis Ra¬ 
zowski are transferred to the Schoenotenini on the basis of the shared possession 
of a narrow, naked strip across the vertex of the head bearing a dorsal continuation 
of the chaetosema. The inclusion of Orthocomotis and Paracomotis in the Schoen¬ 
otenini results in an apparent Gondwanaland distribution of the tribe, suggesting 
that is of comparable age to tribes of the Chlidanotinae, generally considered the 
most primitive tortricid subfamily. 


The monophyly of Orthocomotis Dognin plus Paracomotis Razowski is undis¬ 
puted. Razowski (1982) identified the following synapomorphies to support this 
relationship: 1) forewing broad with short, rounded apex; 2) forewing with re¬ 
fractive metallic green scales; and 3) female with the thick, sculptured, interseg- 
mental membrane incorporated into the sterigma. I have identified two additional 
characters that support the monophyly of the group: shared possession of two 
pairs of abdominal dorsal pits (i.e., one pair on Ab-2 and one pair on Ab-3) in 
both males and females (Obraztsov, 1956), and a narrow, bare strip across the 
vertex of the head bearing a dorsal continuation of the chaetosema (Figs. 1-4). 
The chaetosema is a pincushion-like structure typically located posterad of the 
base of the antenna near the vertex of the compound eye, bearing 5-15 slender 
sensory setae; it is assumed to play a role in mechano-reception. This paper 
addresses the phylogenetic and biogeographical significance of the taxonomic 
distribution of an unusual modification of the chaetosema exhibited by Ortho¬ 
comotis, Paracomotis, and several genera in the Schoenotenini. 

The Neotropical genus Orthocomotis previously has defied confident tribal as¬ 
signment. Clarke (1956) treated it as a member of the Tortricinae without specific 
tribal placement. Razowski initially considered it part of the Archipini, but later 
(Razowski, 1982) transferred it to the Polyorthini (in the subfamily Chlidanotinae) 
on the basis of the fusion of the aedeagus with a minutely bristled dorsal portion 
of the anellus, and the possession of a distal sclerite in the vesica. However, the 
inclusion of Orthocomotis and Paracomotis in the Polyorthini requires the sec¬ 
ondary loss of several characters considered diagnostic for the tribe, i.e., the 
uniquely invaginated or folded valva and associated hairpencil, the large saccus- 
vinculum complex, and the widely separated origin of hindwing veins M2 and 
M3 (Diakonoff, 1974; Horak and Brown, 1989). Powell (1986) rejected Razowski’s 
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Figures 1-4. Scanning electron micrographs of the head of Orthocomotis species illustrating dorsal 
continuation of chaetosema. 1. 58.1 x. 2. 82.6x. 3. 167x. 4. 300x. 


assignment of the group to the Polyorthini and transferred Orthocomotis and 
Paracomotis to the Euliini on the basis of symplesiomorphies of the male and 
female genitalia. 

I recently discovered that the characteristic dorsal continuation of the chae¬ 
tosema, present in all Orthocomotis and Paracomotis (Brown, 1989), also occurs 
in Saetotenes ( Anthophallodes ) dimorpha (Diakonoff), a New Guinean species in 
the tribe Schoenotenini. In addition to the striking superficial resemblance of 
Saetotenes dimorpha to some Orthocomotis (i.e., wing shape, size, and pattern), 
the male genitalia of S. dimorpha possess a pair of large, minutely bristled, lateral 
lobes of the anellus adjacent to the aedeagus, reminiscent of many Orthocomotis. 
An examination of 21 schoenotenine genera in the collections of the United States 
National Museum, Washington, D.C., British Museum (Natural History), Lon¬ 
don, England, and Rijksmuseum van Natuurlijke Histone, Leiden, The Nether¬ 
lands, revealed that many genera assigned to Schoenotenini (Diakonoff, 1960) 
have a similar or identical configuration of the chaetosema (e.g., Schoenotenes 
Meyrick, Saetotenes Diakonoff Stenotenes Diakonoff, Metachorista Meyrick, 
Rhopalotenes Diakonoff, Rhabdotenes Diakonoff, Campotenes Diakonoff, Bary- 
gnathella Diakonoff, Protarchella Diakonoff, Oligotenes Diakonoff). The char¬ 
acter can be observed only in specimens in which the vestiture of the head has 
not been damaged, thus it was not observed among several taxa that may possess 
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it. I believe that this character represents a synapomorphy for these genera and 
may possibly define the Schoenotenini. On this basis, Orthocomotis and Para- 
comotis provisionally are transferred to the Schoenotenini. The similarity in ex¬ 
ternal facies and the bristled anellus suggest that Orthocomotis and Paracomotis 
are most closely related to Saetotenes ( Anthophallod.es ) among schoenotenine 
genera examined. 

Common (1965) stated that the “apparent homogeneity of the Schoenotenini 
is indicated by the absence of ocelli, at least in the Australian and Pupuan genera, 
and the retention and course of the stem of Min the discal cell of the forewing,” 
i.e., its termination between Ml and M2 rather than between M2 and M3. How¬ 
ever, the absence of ocelli is not consistent within the Schoenotenini, and the 
characteristic course of the M-stem is not congruent with the modification of the 
chaetosema. 

Small- to medium-sized ocelli are present in nearly all New Guinean schoen¬ 
otenine genera I examined (e.g., Schoenotenes, Campotenes, Saetotenes, Bary- 
gnathella, Rhopalotenes, Rhabdotenes, etc.), suggesting that this character is un¬ 
reliable in a phylogenetic context. Although Diakonoff (1960) excluded the 
Australian genera Proselena Meyrick and Palaeotoma Meyrick from the Schoen¬ 
otenini, Common (1965) returned them to the tribe on the basis of the characters 
cited above. These two genera lack the dorsal continuation of the chaetosema. 
Consequently, they are either incorrectly assigned to Schoenotenini as indicated 
by Diakonoff (1960), or the characteristic chaetosema is not consistent throughout 
the tribe (i.e., secondarily lost among some taxa, derived within the tribe, or a 
convergence among unrelated taxa). I have not examined wing slides of Schoen¬ 
otenini to determine the consistency in the course of the M-stem, but in four wing 
slides of Orthocomotis, representing three species, the character is variable. 

The inclusion of Orthocomotis and Paracomotis in the Schoenotenini has bio¬ 
geographic implications. According to Diakonoff (1960), the tribe previously was 
known from the Indo-Australian region (19 genera of which 12 are confined to 
New Guinea) and Madagascar (4 monotypic genera). The discovery of members 
of this tribe in South America demonstrates an apparent southern continental 
distribution, and suggests that the group may have been widely distributed prior 
to the break-up of Gondwanaland. 

In the Tortricidae, southern continental distributions are found in each tribe 
of the primitive subfamily Chlidanotinae (i.e., Chlidanotini, Hilarographini, and 
Polyorthini), in the Archipini (Tortricinae) (Horak, 1985), and in the Microcorsini 
(Olethreutinae) (Horak and Brown, 1989). Although Diakonoff (1960) included 
the Schoenotenini in the Chlidanotinae, primarily on the basis of the presence of 
hami in the male genitalia, Tuck (1981) and Horak (1984) argue convincingly for 
its exclusion, considering the tribe part of the Tortricinae. Within the Tortricinae, 
only the Archipini previously have been considered to exhibit a Gonwanan dis¬ 
tribution (Horak, 1985). However, since the Archipini is almost certainly poly- 
phyletic, such a biogeographic hypothesis is a bit premature. 
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A New Species of Sericophorus from New Guinea 
(Hymenoptera: Sphecidae: Larrinae) 

Arnold S. Menke 

Systematic Entomology Laboratory, Agricultural Research Service, USDA, Na¬ 
tional Museum of Natural History, Washington, D.C. 20560. 


Abstract. —Sericophorus rhamphigaster, a new species known only from females, 
is described from New Guinea. Its unusual morphology is illustrated by SEM 
photographs. 


The genus Sericophorus is endemic to the Australasian Region where it is known 
from about 70 species, nearly all of which are known only from Australia (including 
Tasmania) (Bohart and Menke, 1976). Those authors indicated that the genus 
occurred in New Guinea but the record was based on a single unidentified spec¬ 
imen. I recently found a series of females of a new species of Sericophorus from 
New Guinea in the collection of the American Entomological Institute, Gaines¬ 
ville, Florida. I am describing it now because of its peculiar morphology. Pulawski 
(1989) is describing the first representative of the genus from New Caledonia. 

The new species agrees with the generic description in Bohart and Menke (1976) 
and runs to Sericophorus in Menke’s (1977) key to the genera of the Miscophini. 
It keys to the subgenus Zoyphidium in Bohart and Menke (1976), as does rhi¬ 
noceros Pulawski from New Caledonia. 

The SEM photographs used here were made from an uncoated specimen using 
the technique described in Menke (1988). 

I would like to thank Woj Pulawski, California Academy of Sciences, San 
Francisco, for reading the ms. and offering suggestions for improvement. 

Sericophorus rhamphigaster Menke, New Species 

Female.— Black but with extensive pale coloration; following whitish yellow: 
scape, pedicel, clypeus, labrum, mandible except apical half and inner teeth red¬ 
dish or brownish, palpi, collar and pronotal lobe, scutellum, metanotum, forecoxa 
beneath; following amber: tegula, all legs from trochanter to tip (arolium dark), 
gastral segments I—II, and basal half of tergum III; distal flagellomeres yellowish 
brown beneath, this coloration sometimes extending to flagellomere I or II as 
small, indistinct spots. Wings weakly infumate but marginal cell conspicuously 
darker, veins dark brown. Lower frons and clypeus laterally with appressed gold 
setae that obscure sculpture; similar but sparser setae at hindmargin of scutellum, 
on propodeum, and on mesopleuron. 

Inner orbits converging above (Fig. 1), eye facets enlarged near middle of inner 
orbit (Figs. 1-3); flagellomere I two thirds length of II, flagellomere III longer than 
II or IV (15:19:14.5), flagellomere X more than 3 x as long as greatest width (37: 
13) (Fig. 3); sparsely setose clypeal disk strongly elevated (Fig. 4), clypeal lobe 
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Figures 1-5. Details of Sericophorus rhamphigaster. 1. Front view of head. 2. Clypeus and man¬ 
dibles. 3. Left antenna. 4. View of left side of head. 5. Left side of prothorax. Arrow points to propleural 
boss. 


not delimited laterally by teeth, its margin truncate (Fig. 2), double-edged laterally 
in ventral view; labrum narrowly transverse but partially projecting beyond clypeal 
margin when downfolded; unworn mandible long, narrow, sickle-shaped (Figs. 1, 
2), with two subbasal teeth on inner margin, with step-like notch on posterior 
margin (Fig. 4). Pronotum with shallow, dorsomedial, transverse impression be- 
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hind anterior margin which is sharply delimited cephalad; collar with slight trans¬ 
verse elevation at middle but not impressed there; scutum dull, densely punctate, 
punctures less than diameter apart; scutellum similarly punctate; propleuron with 
high angular prominence posterolaterally (Fig. 5); mesopleuron shiny, very finely 
punctate; propodeal side shiny, with very sparse pin prick punctation, not delim¬ 
ited dorsad by carina; propodeal dorsum with median longitudinal sulcus that 
contains carina on basal half; base of tergum I with two carinae, spiracular opening 
slit-like (Fig. 8) but spiracle not borne on process; pygidial carinae confined to 
apical half of tergum VI; sternum I with subapical hook-like process that overhangs 
sternum II (Figs. 6, 7); sterna II-V smooth, shiny but with some punctation 
laterally, punctures of several sizes. Marginal cell of forewing acuminate apically, 
second submarginal cell 4 sided, its anterior veinlet about as long as ocellus 
diameter, recurrent veins received by submarginal cells I and II respectively, 
forewing media diverging from M+Cu before cu-a. Foretarsomere I with 8 rake 
spines. Length 10-11 mm. 

Male. —Unknown. 

Types. — Holotype female: NEW GUINEA, Western Highlands Prov.: Baiyer 
River, Feb. 6/15, 1979, 1100 m, J. Sedlacek (American Entomological Institute). 
Paratypes, 13 females: same data as type except 5 collected Jan. 25 to Feb. 6, 
1979. 

Discussion. —Sericophorus rhamphigaster is an elongate, distinctively bicolored 
wasp. The hook-like process on sternum I of the female is the most unusual unique 
feature of this species (Figs. 6, 7). In the Sphecidae such adornments are typically 
found in males (on sterna II of some Larrisson and Bembix for example), and it 
is surprising to find this kind of specialization in the female. The female of 
Sericophorus rhinoceros Pulawski has a convex midventral ridge on sternum I but 
its location is more basal than the hook of rhamphigaster. The angular propleural 
boss of rhamphigaster is another unique feature (Fig. 5). The absence of teeth on 
the clypeal margin is atypical for the genus but rhinoceros Pulawski shares this 
trait. The elongate, sickle-shaped mandible is perhaps unique to rhamphigaster. 
The spiracle on tergum I is slit-like (Fig. 8) but it is not situated on a prong as in 
sericeus (Kohl) and rhinoceros Pulawski. In the few species of Sericophorus avail¬ 
able to me from Australia, the spiracle of tergum I is of the typical oval form 
rather than slit-like. The enlargement of the eye facets is distinctive but may not 
be unique, although the facets are uniform in the few other Sericophorus that I 
have examined. 

The slit-like spiracle of tergum I, the process on sternum I, and the absence of 
clypeal teeth are features that suggest a possible relationship with rhinoceros 
Pulawski, but the eye facets are not enlarged in the latter species, nor are the 
mandibles unusually elongate. 

Etymology. — The species name, a noun, is based on the Greek words rhamphis 
(=hook) and gaster (=stomach or belly), and refers to the unusual hook on the 
underside of the abdomen. 


Figures 6-8. Abdominal structures of Sericophorus rhamphigaster. 6. Right profile view of segments 
I—II. 7. Ventral view of segments I—II. 8. Slit-like spiracle of tergum I, right side. 
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A New Species of Strangalia AMdinet-Serville 
(Coleoptera: Cerambycidae) from Monteverde, Costa Rica 

Edmund F. Giesbert 

9780 Drake Lane, Beverly Hills, California 90210. 


Abstract. —Strangalia guindoni is described from Monteverde, Costa Rica, and 
figured. The previously unknown male of S. emaciata (Bates) is described from 
the same locality, and differentiated from the closely related S. instabilis Giesbert. 


During recent years of collecting in the area of Monteverde, Puntarenas prov¬ 
ince, Costa Rica, four species of the genus Strangalia Audinet-Serville have been 
encountered: S. picticornis (Bates), S. instabilis Giesbert, S. emaciata (Bates), and 
a previously undescribed species. 

The following paper is presented as an addition to recent works on the genus 
in Mexico and Central America by Chemsak and Linsley (1976), and Giesbert 
(1985, 1986), and to make names available for ongoing studies of the Ceram¬ 
bycidae of the Monteverde Cloud Forest Reserve. 

Strangalia guindoni, New Species 
(Fig. 1) 

Male. — Form moderate sized, elongate, strongly tapering posteriorly; integu¬ 
ment moderately shining, black, with terminal abdominal sternite and tergite, 
and basal segments of palpi orange testaceous. Head with front long, shallowly 
punctate, sparsely pubescent, with shallow longitudinal impression between an¬ 
tennal tubercles; vertex densely, shallowly punctate; antennae attaining apical 
seventh of elytra, segments from 5th slightly thickened, with double sets of large, 
oval sensory pits on segments 7-11, segments to 5th with depressed black pu¬ 
bescence, remaining segments micro-pubescent. Pronotum with sides strongly 
sinuate, with distinct swelling on each side at middle, apex strongly transversely 
impressed; disk with moderately dense, transverse, subrugose punctures, feebly 
interrupted on middle; pubescence sparse, suberect, obscure, with a few long erect 
hairs laterally near base. Prostemum very finely punctate; mesosternum finely 
punctate and pubescent; metasternum lacking tubercles, with narrow, impunctate 
longitudinal impression in middle, punctation and pubescence fine, dense. Elytra 
more than three times as long as width across humeri, sides moderately strongly 
tapering to slightly behind middle, then subparallel to obliquely emarginate apices 
with acute hind angles; disk with a shallow, oblique impression on each side from 
humerus to suture at basal x k , suture depressed behind middle; punctures small, 
shallow, moderately dense; pubescence short, moderately dense, suberect. Legs 
moderately slender; tibiae straight, lacking distinct carinae, armed with a pair of 
apical spurs. Abdomen extending one segment beyond elytral apices; each sternite 
finely, densely punctate at base, becoming nearly impunctate at apex; terminal 
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sternite with a deep, smooth, shining, impunctate excavation for nearly its entire 
length, with borders of excavation strongly produced as vertical, apically dentate, 
foliate blades. Length 20-23 mm. 

Female. —Form somewhat more robust than male; integument dark reddish- 
orange, marked with blackish or infuscated as follows: legs, antennal segments 1- 
5, extreme base and apex of prothorax, scutellum, indistinct macula at middle of 
elytral disk and markings on suture, coxae, parts of mesosternum and epistema, 
and extreme base of abdominal segments 1-3; antennal segments 6-11 yellow- 
orange. Antennae reaching slightly past middle of elytra; abdomen not elongate, 
with terminal sternite emarginate and medially impressed at apex; terminal tergite 
apically notched. Length 17 mm. 

Types.—Holotype male, allotype (California Academy of Sciences) and 3 male 
paratypes from COSTA RICA, Puntarenas prov., Monteverde 1450 m, April 19- 
26, 1988 (E. Giesbert). 

Remarks.— This distinctive species may be easily recognized by its large size, 
sculpture of the prothorax and elytral disk, and sexual dichromatism, with the 
males black with last abdominal segment bright orange, and the females reddish 
with appendages and elytral markings black, and distal antennal segments orange. 
Specimens were taken at blossoms of Compositae in the Cloud Forest Reserve. 

It is a pleasure to name this species for Wilford “Wolf’ Guindon, in recognition 
of his many years of on-site devotion, both official and unofficial, to the preser¬ 
vation and care of the Reserve at Monteverde. 

The key to adult males of Mexican and Central American Strangalia (Giesbert, 
1985) may be modified to include the present species as follows: 

11(10). Abdomen with last sternite excavated for Vi its length, lateral lobes 
truncate, recurved inward; pronotum densely golden pubescent; 
antennal sensory pits small. Length 14-16 mm. Mexico (Durango, 

Sinaloa) . S. auripilis 

Abdomen with last sternite excavated for % or more of its length; 
pronotum moderately to sparsely pubescent; antennal sensory pits 

larger. Length 17-23 mm . 11a 

11 a( 11). Pronotum deeply transversely impressed behind apex, sides strongly 
sinuate; outer antennal segments bearing paired, smooth sensory 
pits. Integument black, with last abdominal segment orange. Length 

20-23 mm. Costa Rica . S. guindoni 

Pronotum shallowly impressed behind apex, sides feebly sinuate; 
outer antennal segments bearing large, setose, apical sensory pits. 
Integumental color variable, but with last abdominal segment 
piceous. Length 17-20 mm. Costa Rica and Panama .... S. anneae 

Strangalia emaciata (Bates) 

Ophistomis emaciata Bates, 1880:39. 

Strangalia emaciata; Linsley & Chemsak, 1971:27; Chemsak & Linsley, 1976: 

225. 

This apparently uncommon species has been known only from the type, a single 
female from Costa Rica, with no more specific locality given. The male, described 
below, remained unknown. 
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Male. — Form slender, tapering. Integument black with wide discal vitta and 
short lateral broken line below humerus on each elytron yellowish; abdomen, 
bases of femora, and parts of sternum reddish. Head with front elongate; palpi 
with apical segment spatulate, nearly as wide as long; antennae attaining elytral 
apices, with segments 7-11 bearing double sets of large, oval sensory pits. Prono- 
tum slender, longer than basal width; punctures moderately sparse; pubescence 
sparse, fine, inconspicuous. Elytra nearly 3 ¥2 times as long as width across humeri; 
apices emarginate, with hind angles acute. Abdomen with terminal stemite ex¬ 
cavated for % of its length, margins expanded, foliate, apically acuminate, exca¬ 
vation densely punctate internally. Legs slender; front trochanters apically pro¬ 
duced, everted; hind tibiae carinate on inside near apices. Length 17.5 mm. 

Material examined. — 1 male, COSTA RICA, Puntarenas prov., Monteverde, 
elev. 1400 m, May 8, 1978 (W. A. Haber); 1 female, same locality, April 19-26, 
1988 (E. Giesbert). 

Remarks. — It is likely that integumental color is variable in both sexes, as in 
the closely related S. instabilis Giesbert. Males may be separated from those of 
the latter species by the longer elytra, wider terminal palpimeres, reddish abdo¬ 
men, internally punctate apical excavation of the abdomen, and by the peculiar 
modification of the front trochanters. Females are very similar to those of S. 
instabilis, but may be separated by the somewhat longer muzzle, the more slender 
antennae, with the 7th segment distinctly longer than the scape, light markings 
on the underside, abdominal segments nearly impunctate throughout, with the 
terminal tergite apically rounded, not notched. 

The key to males may be modified to include S. emaciata as follows: 

15(12). Prolegs with trochanters apically produced, everted; pronotum mod¬ 
erately sparsely punctate; terminal maxillary palpimere spatulate, 
nearly quadrate. Integument black; elytra with wide yellowish dis¬ 
cal vitta; abdomen reddish. Length 17.5 mm. Costa Rica. 

. S. emaciata 

Prolegs with trochanters unmodified; terminal maxillary palpimere 


not nearly as wide as long. Integumental colors various . 15a 

15a(15). Pronotum very sparsely punctate, punctures scattered. 16 

- Pronotum densely punctate, punctures often contiguous. 18 
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Pison nogorombu , a new species from Papua New Guinea 

(Hymenoptera: Sphecidae) 

WojCIECH J. PULAWSKI 
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94118. 


Abstract. —Pison nogorombu, a new species from the mountains of New Guinea, 
has a unique, stepped mandible, intermediate between the entire mandible of 
most Pison and the notched mandible of the Neotropical species previously placed 
in the subgenus Entomopison. Menke (1988) examined the species when he syn- 
onymized Entomopison, but had no available name for it. 


Several new species of Pison were found during my collecting trips to Papua 
New Guinea in 1987 and 1988. One of them requires immediate description since 
it was already discussed by Menke (1988), and is considered by Antropov and 
Pulawski (1989). As usual, I follow the morphological terminology of Bohart and 
Menke (1976), but the upper and lower interocular distances and ocellocular 
distance are as defined by Menke (1988:9). The mandibular terms (Fig. 1) are 
mainly based on Michener and Fraser (1978): 

acetabulum: anterior mandibular articulation (on the clypeal side of the head); 
adductor ridge: starts at the adductor swelling near the mandibular base (on the 
concave face) and extends toward the mandibular apex; in Pison, it becomes 
visible on the outer surface before the mandibular midlength, extends almost 
to the apex, and constitutes the posterior (= ventral) margin between the convex 
and concave faces; 

admarginal ridge: this newly coined term designates a ridge that runs parallel to 
the posterior mandibular margin, overlaps with the condylar ridge, but does 
not continue to the mandibular base; 

condylar ridge: extends distad from the mandibular condyle and constitutes the 
margin between the convex (external) and the concave (internal) mandibular 
faces; in Pison, it extends to less than mandibular midlength; 
condyle: posterior mandibular articulation (on the occipital side of the head); 
outer ridge: extends from the acetabulum toward the mandibular apex; 
posterior margin: extends from the condyle to the mandibular apex and corre¬ 
sponds to the externoventral margin of Bohart and Menke (1976) and to the 
lower margin of Michener and Fraser (1978); it actually consists of the condylar 
ridge (proximally) and the adductor ridge (distally). 

The institutions where the specimens are deposited are abbreviated in the text 
as follows: 

AEI: American Entomological Institute, Gainesville, Florida, 

BISH: Bernice P. Bishop Museum, Honolulu, Hawaii, 
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Figure 1. Mandibular terms. 


BMNH: British Museum (Natural History), London, England, 

CAS: California Academy of Sciences, San Francisco, California, 

RMNH: Rijksmuseum van Natuurlijke Historie, Leiden, The Netherlands, 
UPNG: University of Papua New Guinea, University, Papua New Guinea, 
USNM: United States National Museum (=Smithsonian Institution), Washing¬ 
ton, D.C., 

ZMMU: Zoological Museum, Moscow State University, Moscow, USSR. 

I sincerely thank Kees van Achterberg and Henry K. Townes for sending ma¬ 
terial, Gordon M. Nishida for his help during my visit to the Bishop Museum, 
Arnold S. Menke for reviewing the manuscript, Mary Ann Tenorio for producing 
the map and illustrations, and Vincent F. Lee for proofreading the text. Kees van 
Achterberg and Gordon M. Nishida helped me find obscure localities. 

Pisott nogorombu, New Species 
(Figs. 2-13) 

Pison sp. from New Guinea: Menke, 1988:4 (photograph of mandible), 6 (dis¬ 
cussion). 

Pison nogorombu: Antropov and Pulawski, 1989:318 (nomen nudum). 

Derivation of name.— Nogorombu is a word in the Gendeka language, spoken 
in Bundi District of Madang Province, Papua New Guinea. Although native 
speakers translate it as bee, the word actually refers to all aculeate wasps able to 
sting. I was assured that this species is a nogorombu, and from personal experience 
I know that it can sting. 

Diagnosis. —Pison nogorombu has a unique mandible, with a stepped posterior 
margin: the condylar ridge is rectangular apically and overlaps the admarginal 
ridge, and the adductor ridge is not broadened distally (Fig. 3). In most Pison, 
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Figures 2-7. Pison nogorombu. 2. Female clypeus. 3. Female mandible. 4. Mandibular notch of 
female, enlarged, 5. Male clypeus. 6. Male flagellomeres IV and V. 7. Notch of male flagellomere IV, 
oblique view. 


the margin is neither stepped nor notched, the condylar ridge overlaps the ad- 
marginal ridge and is not angulate distally, and the adductor ridge is not expanded. 
The margin has a minute, rudimentary step in some species (e.g., insigne Sick- 
mann), and is markedly notched in the convexifrons and the pilosum species groups 
(Menke, 1988), both Neotropical. Here, the apex of the condylar ridge is prom¬ 
inently, acutely angulate and the adductor ridge is roundly expanded adjacent to 
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Figure 8. Pis on nogorombiv. forewing. 


notch; the latter extends nearly to the outer ridge and separates the admarginal 
and the condylar ridges. 

In addition to the mandibular character, nogorombu differs from other Papuan 
species in having the forewing partly asetose in the basal half (Fig. 8); also, the 
antenna is unusually long (e.g., length of flagellomere I 3.1-3.2 x apical width in 
female and 2.6-3.0 in male) and male flagellomeres IV and V are emarginate 
basoventrally (Fig. 6). Subsidiary diagnostic features are: frons finely, sparsely 
punctate, metapleural flange weakly expanded, setae long (many setae on head, 
thorax, and gastral segment I equal to upper interocular distance), and gaster 
moderately elongate. 

A male from Irian Jaya: Wisselmeren [=Wissel Danau-danau, or Wissel Lakes], 
3°55'S, 136°15'E near Enarotali, 1850 m (BISH), resembles nogorombu in all 
characters but the following: clypeal lobe pointed, frontal vestiture with golden 
tinge, and the emargination of flagellomeres IV and V smooth, shiny. In nogo¬ 
rombu, the clypeal lobe is truncate (Fig. 5), the frontal vestiture is silvery, and 
the emarginations of flagellomere IV and V are longitudinally microridged (Fig. 
7). The specimen from Wisselmeren, which can be either a geographic form of 
nogorombu or a distinct species, is excluded from the paratypic series. 

Description. — Mandible: condylar ridge rectangular distally, adductor ridge not 
broadened distally (posterior mandibular margin stepped); admarginal ridge nar¬ 
rowly overlapping condylar ridge; inner margin with cleft and small tooth at about 
midlength. Eye asetose. Frons and scutum evenly microsculptured (scutum weakly 
so) and punctate, punctures averaging several diameters apart except almost con¬ 
fluent along scutal hindmargin (scutal punctures well defined, frontal punctures 
well defined to inconspicuous). Occipital carina broadly interrupted ventrally. 
Pronotal collar weakly, roundly expanded laterally. Tegula impunctate except 
punctate anteriorly and along inner margin. Epistemal sulcus complete, extending 
to mesopleural foremargin. Metapleural flange weakly expanded. Propodeum 
punctate, not carinate between dorsum and side; dorsum sulcate mesally. Forewing 
partly asetose basally: setae fully absent on medial cell except along foremargin, 
on submedial cell except along hindmargin, on discoidal cell basally, and on 
subdiscoidal cell anterobasally; three submarginal cells present (two cells in left 
wing of a male); media diverging from M+Cu distad of crossvein cu-a; costal 
and subcostal veins completely fused in most specimens but separated by narrow 
gap in some; height of submarginal cell II equal to petiole or shorter; proximal 
recurrent vein interstitial or received by submarginal cell I, distal recurrent vein 
interstitial or received by submarginal cell II (at 0.1 of cell’s length). Hindcoxal 
dorsum: outer carina present in posterior half, inner carina angulate anteriorly. 
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Figures 9-12. Pison nogorombu, male. 9. Sternum VIII, ventral view. 10. Sternum VIII, oblique 
view. 11. Genitalia dorsally. 12. Genitalia laterally. 


Mid- and hindtibiae with short spines on outer side. Tarsomeres II-IV with 
plantulae. Gaster moderately elongate: length of tergum I (in dorsal view) about 
1.7 x apical width; distance between gastral base and spiracle about 0.7 x distance 
between spiracles. Gastral punctures line, several diameters apart; segments with¬ 
out apical fasciae. 
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Figure 13. Geographic distribution of Pison nogorombu. 
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Setae erect on head, thorax, gastral segment I, base of II, and femoral venters 
(many setae equal to upper interocular distance). 

Body black, wings markedly infumate in apical half. 

9. —Free margin of labrum not emarginate. Clypeal lobe rounded (Fig. 2). 
Upper interocellar distance 0.5 x lower interocular distance. Ratio between hin- 
docellar diameter, ocellocular distance, and interocellar distance varying from 
1:0.5:0.5 to 1:0.4:0.6. Length of flagellomere I 3.1-3.2 x apical width. Length 
10.0-10.5 mm. 

8. —Clypeal lobe truncate, slightly prominent mesally and laterally (Fig. 5). 
Upper interocellar distance 0.6 x lower interocular distance. Ratio between hin- 
docellar diameter, ocellocular distance, and interocellar distance varying from 
1:0.6:0.4 to 1:0.8:0.5. Length of flagellomere I 2.6-3. Ox apical width, flagello- 
meres IV and V emarginate basoventrally (Fig. 6); bottom of emarginations 
longitudinally microridged (Fig. 7). Sterna II-VI largely impunctate; sternum II 
simple, III with transverse, ill-defined swelling; sternum VII expanded into broad, 
apical lobe; venter of sternum VIII with arcuate swelling, punctate and setose 
posteriorly of swelling (Fig. 9). Length 9-10 mm. Genitalia: Fig. 10. 

Discussion. — The study of Pison nogorombu helps in evaluating the validity of 
Entomopison. This subgenus was established to include the Pison with an emar¬ 
ginate mandible and a prominently angulate condylar ridge (Menke, 1968). The 
mandible of nogorombu, with its moderately angulate condylar ridge, is inter¬ 
mediate between that of Entomopison and of Pison, s.s. and suggests that the 
presence or absence of the notch is not a reliable subgeneric character. 

Geographic distribution (Fig. 13).—Mountains of New Guinea Island. 

Material examined (WJP is abbreviation for Wojciech J. Pulawski).—Holotype: 
9, Papua New Guinea: Madang Province: Bundi, 1400 m, 10-12 Mar 1987, WJP 
(California Academy of Sciences, Entomology Type 6 #16466). 

Paratypes: INDONESIA: IRIAN JAYA: Araboebivak (ca. 12 km NE Lake 
Paniai), 29 Oct 1939, K.N.A.G. [=Koninklijk Nederlands Aardrijskundig Ge- 
nootschap] (2 9, one with gaster missing, RMNH); Danau (=Lake) Paniai, 3°50'S, 
136°15'E, 1 Sep 1939 (gaster missing), 15 Sep 1939 and 11 Nov 1939, collector 
unknown (3 9, RMNH); Sibil Valley in Star Mts., 5°00'S, 141°00'E, 1245 m, 18 
Oct-8 Nov 1961, S. and L. Quate (1 9, BISH); Baliem River Camp, circa 4°10'S, 
139°00'E, 1650 m, 14 Nov 1938, L. J. Toxopeus (1 9, RMNH); Mist Camp, circa 
3°28'S, 139°06'E, 1800 m, 10 and 11 Jan 1939, L. J. Toxopeus (1 9, CAS; 3 9, 
RMNH); Rattan Camp, circa 3°28'S, 139°13'E, 1150 m, Feb 1939, L. J. Toxopeus 
(1 9, RMNH); Top Camp, circa 3°30'S, 139°04'E, 2000 m, 26 Jan 1939, L. J. 
Toxopeus (19, RMNH). 

PAPUA NEW GUINEA: Eastern Highlands Province: Aiyura, 6°19'S, 145°55'E, 
Feb 1978, J. L. Gressitt (1 9, BISH); Daulo Pass, 5°55'S, 145°18'E, 2450 m, 22 
Dec 1978-8 Jan 1979, J. Sedlacek (1 8, AEI); Moife, 15 km NW Okapa (which 
is 06°32'S, 145°37'E), 2100 m, 7-14 Oct 1959, T. C. Maa (1 9, BISH); Mt. Otto, 
5°58'S, 145°29 , E, 2000 m, 22 Dec 1978-9 Jan 1979, J. Sedlacek (1 9, AEI); 22 
km SE Okapa, 2100 m, 28 Aug 1964, J. and M. Sedlacek (2 9, 1 8, BISH; 1 9, 
CAS). Madang Province: Bundi, 1400 m, 10-12 Mar 1987 and 5 May 1988, WJP 
(2 9, CAS); 5 air km NE Mundiai Pass, 5°48'S, 145°09'E, 2500 m, 14 May 1988 
(1 8, CAS) and 17 May 1988, WJP (1 9, CAS); Pandambai (6 air km W Bundi), 
5°38'S, 145°1 TE, 2330 m, 10-13 May 1988, WJP (5 9, BMNH, CAS, UPNG, 
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USNM, ZMMU; 3 $, CAS); same data but 15 and 18 May 1988 (3 2, CAS); same 
data but 19 May 1988 (2 3, CAS); Simbai, 5°17'S, 144°26'E, 1 June 1988, WJP 
(1 2, CAS); Teptep, 5°55'S, 146°30 , E, 27 Nov 1987, M. S. Wasbauer (1 2, CAS). 
Morobe Province: Ulap, 800-1100 m, Sep 1968, N. L. H. Krauss (1 2, BISH); 
Wau, 1200 m, 10 May 1963, J. Sedlacek (1 2, BISH); Wau, 1200 m, 26 July 1961 
and 26 Aug 1965, J. and M. Sedlacek (2 2, BISH); Wau, 10 Nov 1965, P. Shanahan 
(1 2, BISH); Wau, Edie Creek, 2000 m, 14 Aug 1963, P. Shanahan (1 2, BISH); 
Wau, Oct 1969, P. Shanahan (1 2, AEI); Wau, Mt. Kaindi, 1500 m, 12 Sep 1972, 
J. van der Vecht (1 2, RMNH); same locality and collector, 2100-2300 m, 18- 
19 Sep 1972 (1 6, RMNH). Southern Highlands Province: 8 km W Mendi (which 
is 6°08'S, 143°39'E), 2150 m, 5-12 Dec 1967, P. Colman (1 2, BISH); above Tigobi 
near Tari, 5°53'S, 142°57'E, 1 June 1966, J. L. Gressitt (1 2, BISH). 
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Acari, 397, 410 
Acarina, 89 
Acrididae, 166 
Aleiodes buoculus, 59 
Aleurocanthus woglumi, 163 
Aleyrodidae, 163 
Allorhinocris speciosus, 369 
Anobiidae, 449 
Anthicidae, 162 
Anthomyiidae, 38, 43 
Anthophoridae, 17 
Apanteles aristoteliae, 61 
Ascalaphidae, 418 
Ascogaster shawi, 61 
Asilidae, 375 

Atenizoides curacaoae, 162 
Austrotinodes, 108; chihuahua, 109; freytagi, 110; 
sedmani, 110; panamensis, 112; neblinensis, 
112; ancylus, 114; tuxtlensis, 114; fortunata, 
114; canoabo, 116; contubernalis, 116 , fus- 
comarginatus, 117; paraguayensis, 117; ar¬ 
iosi, 118; amazonensis, 119 , bracteatus, 119; 
prolixus, 120; ttielseni, 120 

Bassus binominata, 62 
Bembix furcata, 172 
Boschniakia, 38, 43 
Braconidae, 58, 146 

Carabidae, 1, 443 

Caseya, 223; douglasia, 229; borealis, 231; bry- 
ophila, 233; dorada, 234; occidentalis, 236; 
prionota, 238; sequoia, 239; taliae, 240; shas- 
tensis, 242; coxalis, 243; subtilis, 243; den- 
drogona, 244; benedictae, 246; longiloba, 247; 
westcotti, 249; bucketti, 251; paradoxa, 252; 
megasoma, 252; guttata, 257; heteropa, 259; 
heteropa disjuncta, 262; heteropa oraria, 263; 
heteropa montana, 264; similis, 266 
Caseyidae, 185 
Cephalosporium lecanii, 385 
Cerambycidae, 162, 269, 248, 463 
Chelonus (Microchelonus) periplocae, 62 
Chthoniidae, 440 
Cleridae, 449 

Coleoptera, 1, 15, 77, 162, 269, 348, 410, 420, 
443, 447, 449, 463 
Coniopterygidae, 175 


Cotesia, 63 
Curculionidae, 420 

Diglyphus beginii, 385 

Dioptidae, 50, 74 

Diplopoda, 177 

Diptera, 38, 43, 89, 375 

Dolophilodes Columbia, 126; andora, 127 

Dryopidae, 77 

Efferia wilcoxi, 375 
Endomychidae, 447 

Eremocoris mimbresianus, 360; extremus, 363 
Eulophidae, 25, 385, 420 
Eumenidae, 156 
Exoneura, 17 

Fannia canicularis, 89 
Farallonophilus cavernicola, 429 
Farula geyseri, 130 
Formicidae, 302 

Geopinus incrassatus, 443 
Goetheana parvipennis, 25 
Gryllacrididae, 429 
Grylloptera, 68 

Hallomenus scapularis, 15 
Helichus striatus, 77 
Heliothrips haemorrhoidalis, 25 
Hemiptera, 451 
Hepialidae, 391 
Hepialus humuli, 391 
Heteroptera, 357, 366 
Heterospilus frommeri, 63 
Histeridae, 410 
Homolobus truncator, 64 
Homoptera, 163 

Hymenoptera, 12, 17, 25, 34, 58, 79, 146, 156, 
172, 302, 312, 319, 385, 403, 414, 420, 458, 
468 

Hypera postica, 420; brunneipennis, 420 

Incurvariidae, 436 
Isoptera, 381 

Korscheltellus gracilis, 391 
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Lepidoptera, 50, 74, 391, 436, 454 
Lophoscutus crassimanus, 451; maurus, 451 
Lygaeidae, 357 

Machrocheles muscaedomesticae, 89 
Machrochelidae, 89 
Malezonotus mayorgae, 357 
Megachile rotundata, 403 
Melandryidae, 15 
Mellinus rufinodus, 414 
Mesepiola specca, 436 
Meteorus, 64 

Metopiona, 222; sheari, 223 
Miridae, 366 
Murray a paniculata, 163 
Muscidae, 89 
Mutillidae, 12 

Neonemobius eurynotus, 68 
Neoseiulus chilensis, 397; californicus, 397 
Neuroptera, 418 

Notocyphus dorsalis arizonicus, 34 

Ochrogramma, 194; heterogona, 195; bentona, 197; 

haigi, 199; formosula, 201 
Ochrotrichia burdicki, 129 
Oedaleonotus werneri, 66 
Oncophanes americanus, 146 
Opiona, 203; confusa, 207; siliquae, 208; distinc- 
ta, 209; bifurcata, 209; berryessae, 210; com¬ 
munis communis, 212; communis angusta, 
214; columbiana, 215; casualis, 216; exigua, 
217; facetia, 219; fisheri, 220; scytonotoides, 
220 

Orthocomotis, 454 
Orthoptera, 166, 429 

Paracomotis, 454 

Paraidemona nuttingi, 168; olsoni, 169 
Paranchodemus, 2; calleides, 4; davidis, 5 
Paraponera clavata, 302 
Paravespula germanica, 79 
Pegomya hyperparasitica, 38, 43 
Percnobraconoides, 64; jojoba, 66 
Phassus triangularis, 391 
Phryganidia californica, 50, 74 
Phymatidae, 451 
Phytoseiidae, 397 
Phytoseiulus macropilis, 397 
Pzson nogorombu, 468 
Pompilidae, 34 

Pseudomethoca ilione, 12; gila, 13 
Pseudoscorpionida, 440 
Psychomyiidae, 108 


Pterocheilus ( Onchopterocheilus ), 156; aridulus, 
159 , lustratus, 160 ; russulus, 160; salis, 161 
Pteromalidae, 151 

Reticulitermes, 381 
Rhinotermitidae, 381 

Rhyacophila balosa, 123; reyesi, 123; chordata, 
124 

Scutellista cyanea, 151 
Semidalis arnaudi, 176 

Sericophorus rhinoceros, 319; rhamphigaster, 458 
Simmondsia chinensis, 58 
Sphecidae, 172, 312, 319, 414, 458, 468 
Stegobium paniceum, 449 
Stenochariergus, 348; doriannae, 348; hollyae, 349 
Stenosphenus, 269; notatus, 274; suturalis, 275; 
vitticollis, 275; bivittatus, 276; ochraceus 
ochraceus, 278; ochraceus sexlineatus, 279; 
lugens, 279; proruber, 280; langurioides lan- 
gurioides, 282; langurioides wappesi, 283; 
gaumeri, 283; lineatus lineatus, 284; lineatus 
costaricensis, 285; trispinosus, 285; proten- 
sus, 287; debilis, 287; rubidus, 288; maccar- 
tyi, 289; insulicola, 291; rufipes, 291; peni- 
cilliventris, 292; cordovanus, 293; cribripennis 
cribripennis, 294; cribripennis novatus, 296; 
beyeri, 296; dolosus, 297; sobrius, 298 
Strangelia guindoni, 463; emaciata, 465 

Tenebrionidae, 410 
Tetrastichus incertus, 420 
Tetratoma concolor, 15 
Tetratomidae, 15 
Thripidae, 25 
Thysanoptera, 25 
Tilloidea notata, 449 
Tortricidae, 454 
Trichoptera, 108, 123 
Trigonidiidae, 68 
Typhlodromus annectens, 397 
Tyrannochthonius stonei, 440 

Ululodes arizonensis, 418 
Uropoda, 410 
Uropodidae, 410 

Vasingtona, 187; irritans, 188 
Vespidae, 79 

Wormaldia laona, 127 

Xenomycetes morrisoni, 447 
Xenosternum ornigis, 66 
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